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ANNUAL  REPORT  OF  PROGRAM  ACTIVITIES 
NATIONAL  INSTITUTE  OF  ALLERGY  AND  INFECTIOUS  DISEASES 
JULY  1,  1973  THROUGH  JUNE  30,  197 i+ 


The  National  Institute  of  Allergy  and  Infectious  Diseases  conducts  and 
supports  a  broad  program  of  research  directed  at  improved  ways  of  diag- 
nosing, treating,  and  preventing  allergic  conditions  and  infectious 
diseases. 

A  feature  of  the  extramural  grants  activities  was  the  uncertainty  of  the 
form  of  research  training  programs.   The  adjustment  to  the  new  method  of 
support  required  a  continual  vigilance  to  respond  to  applicants  and  grantees 
of  research  training  grants  within  the  framework  of  new  plans. 

The  requirement  to  reduce  the  staff  'during  this  year  presented  major  manage- 
ment problems  for  the  intramural  programs.   The  Institute  plan  to  meet  this 
requirement  was  by  phasing  out  some  laboratory  projects  and  reassignment  of 
both  professional  and  supporting  personnel.   Difficulties  were  encoxmtered 
in  making  appropriate  reassignment,  and  the  attempt  to  maintain  desired 
capability  without  attrition  was  not  fully  accomplished. 

Problems  of  assurance  of  protection  of  human  subjects  has  appeared  in  all 
the  areas  of  the  Institute's  research  programs.   The  NIH  procedures  and 
guidelines  now  being  developed  are  expected  to  provide  more  uniformity  in 
acceptance  by  concerned  groups  and  in  this  sense  permit  better  planning  for 
the  pursuit  of  research  objectives  in  the  future. 

The  Institute  has  been  authorized  to  enlarge  the  National  Advisory  Allergy 
and  Infectious  Diseases  Council  membership  by  three  for  a  total  of  15  members. 
This  action  was  requested  in  order  to  broaden  the  scientific  competence  of 
the  Council  and  particularly  in  the  areas  of  allergy  and  immunological 
diseases.   The  programs  and  subject  matter  of  applications  have  become  more 
complex  and  varied  in  the  19  years  since  the  Council  was  established. 

New  knowledge  is  of  limited  value  unless  it  can  be  communicated  promptly 
and  effectively  to  those  who  need  or  can  use  it.   Therefore,  the  Institute 
program  for  support  of  scientific  communications,  and  development  of  improved 
methods,  has  kept  apace  with  support  of  research  programs. 

The  largest  portion  of  communications  funding  related  to  the  publication  of 
formal  research  manuscripts;  their  preparation,  page  costs  for  printing,  and 
a  new  item  of  cost  initiated  by  one  of  the  journals  —  manuscript  review 
costs.   Manuscripts  and  research  notes  related  to  NIAID  programs  and  sub- 
mitted for  publication  in  FY7^  were  approximately  as  follows :  3 ,000  from 
grantees,  200  from  contractors,  and  U25  from  the  Institute  staff.   In 
addition,  a  number  of  research  reports,  monographs  and  scientific  meeting 
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reports  were  printed  with  total  or  partial  funding  from  the  Institute. 
Copies  of  the  technical  reports  were  sent  to  the  Department  of  Commerce 
"National  Technical  Information  Service"  for  availability  to  the  scien- 
■tific  community  and  the  public. 

Second  in  size  of  funding  is  support  of  scientific  meetings;  either  in 
total  or  in  part.   Support  was  provided  in  FYT^+j  in  some  instances  as 
co-sponsorship  with  other  NIH  Institutes,  for  six  major  meetings  and  one 
workshop.   These  represented  about  50^  of  the  applications.   In  addition, 
there  were  17  workshops  or  small  conferences  conducted  as  part  of  individ- 
ual program  activity,  and  5^  seminars  were  held  at  NIAID  during  the  year. 
The  trend  continued  in  an  increasing  number  of  workshops  as  compared  to 
large  scientific  meetings.   The  concentrated  discussions  on  a  single 
subject  or  a  narrow  area  of  research  afford  indepth  communications  of 
great  value  to  research  and  program  progress. 

The  program  activity  devoted  to  development  of  new  and  improved  methods  of 
scientific  communications  progress  satisfactorily.   The  mechanism  for  in- 
formal communications  of  pre-published  information  on  current  research 
investigations  is  Lvnown  as  the  "Scientific  Memoranda."  Projects  continued 
for  investigators  involved  in  research  on  interferon,  hepatitis,  leprosy, 
hypersensitivity  disease,  neisseria-treponema,  and  transfer  factor,  with 
distribution  of  communications  either  monthly  or  quarterly.   Participants 
in  these  projects  number  almost  1,000,  located  in  53  countries,  including 
for  the  first  time  this  year  the  Peoples  Republic  of  China. 

Feasibility  studies  continued  on  the  use  of  satellites  for  scientific 
communications  with  research  investigators  at  isolated  sites  or  while  on 
field  studies.   Using  the  NASA  ATS-1  satellite  over  the  Pacific  Ocean  and 
a  transmission  period  of  half  to  one  hour  per  day,  an  increasing  number 
of  investigators  were  able  to  discuss  research  protocols,  experimentaJ. 
results,  and  field  observations  with  colleagues  and  cons\iltants  in  other 
parts  of  the  Pacific  Ring  and  in  various  areas  of  the  United  States.   The 
satellite  permits  direct  and  frequent  scientific  discussions  between 
investigators  in  situations  where  other  means  of  communications  are 
impractical. 

In  line  with  a  new  policy  of  the  DHEW  Office  of  Public  Affairs,  responsi- 
bilities for  "public  affairs"  were  transferred  from  NIH's  Bureaus/Institutes/ 
Divisions  to  its  .central  Office  of  Public  Affairs  and  the  number  of  personnel 
in  public  affairs  and  publications  dollars  were  reduced.   As  a  result  of  this 
reorganization  at  NIH,  the  NIAID  Research  Information  Section  was  re-degignated 
as  the  Office  of  Research  Reporting  and  Public  Response  (ORRPR),  and  the  Insti- 
tute lost  one  professional  position  and  $22,000  in  publications  costs.   The 
ORRPR  continues  to  respond  to  information  requests  from  the  general  and 
specialized  publics  and  to  produce  research  reports  and  publications  which 
help  carry  out  this  function. 

A  series  of  publications  on  allergies  was  initiated  this  year,  and  single 
copies  of  the  first  three  pamphlets  —  "Food  Allergy,"  "Dust  Allergy,"  and 
"Pollen  Allergy"  —  were  distributed  to  the  Nation's  allergists  as  suggested 
aids  for  commxinicating  with  their  patients. 


"Immunology  Research,  An  Introduction"  was  distributed  to  allergists  and 
immunologists.   This  booklet  received  numerous  favorable  comments,  par- 
ticularly from  immunologists,  who  plan  to  use  it  in  educating  medical 
students  and  technicians. 

Two  publications  --  "Bacteria:  The  Littlest  Cells"  and  "Viruses:  On  the 
Border  of  Life"  — were  translated  into  Spanish  for  distribution  to  Spanish- 
reading  Americans.   "Sinusitis"  and  "Flu"  were  published  in  the  series  on 
infectious  diseases  established  last  year  with  the  production  of  a  pamphlet 
on  "Hepatitis".   Two  new  fact  sheets  —"Tuberculosis"  and  "Tetanus"  —  were 
added  to  the  Office's  series  of  fact  sheets  on  infectious  disease  research; 
three  others  —  "Fungal  Infections,"  "t^coplasma,"  and  "Interferon"  — were 
updated.   The  Office  now  distributes  21  different  fact  sheets. 

The  Institute  co-sponsored  a  one  and  one-half  hour  long-distance  telephone 
briefing  between  allergists  at  the  annual  meeting  of  the  Americaxi  Academy 
of  Allergists  in  Bal  Harbour,  Florida,  and  science  writers  gathered  in  the 
NIAID  conference  room  at  Bethesda.   Ten  scientists  discussed  original 
papers,  and  manuscripts  were  available  at  Bethesda  for  the  briefing.   This 
successful  briefing  demonstrated  the  value  of  using  long-distance  confer- 
ence calls  to  save  costs  and  time,  particularly  in  light  of  the  energy 
crisis.   A  small  exhibit  at  the  Academy  meeting  displayed  Institute 
publications  on  immunology  and  allergic  diseases. 

Statistics  were  developed  on  morbidity  and  mortality  caused  by  infectious 
and  allergic  diseases,  and  on  their  economic  impact  in  terms  of  direct  and 
indirect  costs.   A  paper  was  prepared  on  "Measurement  of  the  Prevalence  of 
Respiratory  Allergies  by  Interview  Questionnaire,"  and  submitted  for  publi- 
cation.  Progress  was  made  toward  completion  of  a  second  paper  on  "Age  at 
Onset  of  Astnma  and  Allergic  Rhinitis  in  the  Tecumseh,  Michigan  Population." 
Consultation  on  a  variety  of  statistical  matters  was  provided  to  the 
Institute  Director,  the  Office  of  Research  Reporting  and  Public  Response 
and  other  NIAID  staff  members.   Project  Officer  functions  were  carried  out 
in  connection  with  two  contracts:  one  with  the  University  of  Florida, College 
of  Medicine,  and  the  other  with  the  Kaiser  Health  Plan  in  Portland,  Oregon. 

During  the  past  year  there  were  some  significant  developments  in  the 
framework  used  by  Institute  staff  to  conceptualize  Institute  programs 
and  activities.   The  framework  used  for  formal  presentation  and  justi- 
fication of  the  annual  budget  request  underwent  a  radical  revision  with 
the  mandated  move  to  a  Program  Budget  structure.   This  is  in  turn  crystal- 
lized a  program  structure  that  had  been  under  discussion  and  development 
by  staff  for  several  years.   The  ciirrent  program  structure  is  presented 
in  Table  1. 

Items  1.0  through  6.0  are  Institute  Programs  (IN  CAPITALS)  including 
research  and  training  projects.   Collectively  they  account  for  100^  of 
the  Institute  budget.   These  are  supported  by  a  mix  of  3  mechanisms 
(Extramural  Grants  and  Awards,  Collaborative  Contracts  and  L&CR  Projects). 
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For  purposes  of  program  definition;  presentation  of  accomplishments  to 
public,  legislative,  or  management  audiences;  and  budget  explanation  and 
presentation  the  Institute  Staff  has  agreed  upon  a  set  of  Institute 
Subprograms. 

A  Subprogram  by  definition  is  a  portfolio  of  research  projects  that  may  be 
supported  by  a  mix  of  the  3  support  mechanisms  and  has  either  Ml,  M2  or 
M3  degree  of  management.   The  highest  degree  of  management  (M)  or  Federal 
intervention  is  indicated  by  3. 

The  purposes  of  an  M3  portfolio  are  relatively  tightly  defined  and 
identifiable.   The  portfolio  is  characterized  by  most  of  the  following 
criteria: 

has  one  or  more  program  officers 

includes  a  contracts  component 

seeks  research  solutions  to  a  major  national  public  health  problem 

is  the  subject  of  special  legislative  interest 

includes  a  structured  communications  activity 

includes  an  Extramural  Special  Emphasis  Program 

Embedded  in  an  Institute  Subprogram  may  be  special  programs  peculiar  to 
one  mechanism  of  support,  such  as  the  Extramural  Special  Emphasis 
Programs  (SEP) , 

The  M2  portfolios  at  present  are  exclusively  Extramural  and  specifically 
include  the  relevant  SEP  portfolios;  although  there  is  no  scientific  reason 
why  relevant  Intramural  projects  could  not  be  included  in  an  SEP.   These  M2 
SEP  exemplify  a  lesser  degree  of  management.   They  are  characterized  by 
having  a  part-time  program  officer,  and  a  formal,  brief  program  statement 
which  includes  goals  and  content.   The  statements  are  regularly  reviewed 
by  the  National  Advisory  Council  and  the  program  content,  size  and  balance 
considered  when  Council  recommends  (at  least  annually)  a  dollar  allocation 
to  the  program  area  (DAPA) .   The  latter  device  permits  a  somewhat  increased 
and  more  timely  level  of  effort  by  making  awards  for  applications  slightly 
beyond  the  priority  score  level  at  which  grants  are  regularly  being  paid. 

The  SEP  concept  then  serves  as  a  focus: 

a)  for  presentation  to  the  legislative  public 

b)  for  staff  programming  for  increased  effort 

c)  for  directing  Council's  attention  to  broad  program  concerns 
rather  than  individual  projects 

d)  for  providing  a  mechanism  for  early  preferential  funding. 


Additionally,  it  serves  as  a  focus  for  program  analysis  and  evaluation 
activities.   The  Institute  has  started  a  cycle  of  SEP  evaluation  by  ad  hoc 
expert  groups.   Three  SEP  have  been  evaluated  sofar  and  a  fourth  is  scheduled. 
The  technique  for  such  evaluations  is  being  refined  in  the  course  of  this 
cycle. 

The  evaluation  activity  and  the  evaluation  group  report  serve  as  an  invaluable 
communications  mechanism  (complete  with  feedback  loop)  with  the  scientific 
public. 

A  number  of  criteria  may  enter  into  the  selection  of  a  research  area  for 
special  emphasis.   These  selection  criteria  include: 

1,  Public  health  importance  of  the  Disease/Disease  Problem  (D/DP) 

a)  Demonstrable  (recognized  or  established)  by  morbidity  -  mortality 
statistics  or  socioeconomic  impact 

b)  Conjectural  -  expert  opinion  regarding  generally  unappreciated  or 
unrecognized  major  problem 

2.  State  of  the  Art 

a)  Possibility  of  rapid  progress,  including  exploitation  of 
breakthrough 

b)  Overlooked  area  because  of  interdisciplinary  communication  gaps, 
disciplinary  vogues 

c)  Broad  implications  for  biomedical  research 

d)  Specific  knowledge  deficiencies 

3,  Inadequate  resources  causing  neglect  of  area 

a)  Techniques  and  methods 

b)  Facilities 

c)  Unusual  expenses 

d)  Unusual  requirement  for  cooperation 

4.  Ecology  of  Science  considerations 

a)  National  requirement  for  maintaining  a  cadre  of  competence 

b)  Type  or  degree  of  national  support  (e.g,  amount  or  balance) 

c)  Institutional  or  geographic  considerations 

d)  Availability  of  manpower 
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Special  Emphasis  Programs  are  established  only  after  an  extensive  dialogue 
between  staff,  Council  and  other  advisors  culminating  in  an  Institute 
decision  and  acceptance  of  a  program  statement. 

Although  an  SEP  that  is  included  in  an  M3  portfolio  has  essentially  the 
same  degree  of  management  as  one  in  an  M2  portfolio,  it  should  not  be 
concluded  that  categorization  in  an  M3  portfolio  is  for  trivial  reasons. 
An  SEP  so  included  is,  of  course,  immediately  relevant  to  the  scientific 
concerns  of  the  Subprogram;  but  more  than  that,  to  the  population  of 
scientists  who  comprise  the  SEP  principal  investigators  and  their  colleagues. 
This  population  is  a  valuable  program  resource.   It  probably:  a)  provided 
the  knowledge  base  on  which  the  Subprogram  was  founded,  b)  is  a  source  of 
experts  needed  to  review  contract  proposals,  c)  serves  as  a  source  of  new 
contractors  for  accomplishment  of  particular  program  goals  and  d)  acts  as 
a  communications  network  for  dissemination  of  information  concerning  program 
goals,  accomplishments  and  problems. 

The  majority  of  the  Institute  supported  activities  are  included  under  the 
Ml  portfolios  of  the  five  Scientific  Programs  (Table  I).   These  portfolios 
include  research  and  training  awards  and  projects  concerned  with  numerous 
diseases  and  disease  related  problems  relevant  to  the  Institute's  mission. 
The  projects  represent  the  best  judgments  of  over  4000  scientists  as  to 
what  the  most  significant  problems  are  and  the  techniques  and  approaches 
most  apt  to  yield  new  and  important  knowledge  or  tangible  results.   In  the 
aggregate  they  cover  an  astounding  array  of  diseases,  organisms,  problems 
and  expertise.   In  their  diversity  and  high  quality  lies  their  short-  and 
long-range  value.   Quite  properly  this  creative  activity  remains  unmanaged 
as  to  science  and  therefore  untargeted  and  unfettered  except  in  the  most 
general  sense  of  relevance  to  the  Institute  mission. 


Both  the  program  and  the  constituent  projects  are  subject  to  continuing 
activities  dealing  with  statements  of  program  content  or  description, 
review  for  relevance,  and  merit;  while  the  program  is  reviewed  for  content, 
goals,  objectives,  and  feasibility.   Table  II  uses  one  Program — Viral  Diseases 
— as  an  example  of  who  performs  these  activities. 
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REPORT  OF  THE  ASSOCIATE  DIRECTOR 
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Another  year  with  unusual  fiscal  experiences  has  just  passed.   The  most  un- 
usual feature  of  Fiscal  Year  1974  was  the  result  of  Court  Order  1830-73 
from  the  U.S.  District  Court  which  released  "impounded"  funds  for  Fiscal 
Year  1973.   This  resulted,  as  shown  in  Table  I,  in  the  funding  of  approxi- 
mately 50  new  and  renewal  research  awards  and  restoration  of  funds  to  about 
80  research  awards. 

"riie  result  of  this  Court  Order  was  also  a  continuation  of  the  training 
grant  and  fellowship  program  for  which  the  funding  of  competing  awards  had 
terminated  in  mid-Fiscal  Year  1973.   Approximately  16  new  and  renewal  train- 
ing grant  awards  and  14  fellowship  awards  were  made  as  a  result  of  this  re- 
lease of  impounded  funds.   At  the  same  time,  staff  was  responsible  for  re- 
viewing about  345  individual  and  42  institutional  research  fellowships  and 
supporting  slightly  over  100  fellows  Included  in  5  institutional  and  87 
individual  fellowships. 

It  is  especially  noteworthy  that  a  vigorous  and  devoted  staff  accomplished 
all  of  these  actions  with  a  smaller  work  force  than  was  available  for  the 
latter  half  of  Fiscal  Year  1973. 

The  Institute's  Extramural  Program  continued  to  expand  its  efforts  in  the 
Asthma  and  Allergic  Disease  Centers,  Venereal  Disease,  and  Hospital-Asso- 
ciated Infections.   The  Hospital-Associated  Infections  Program,  which  was 
started  in  late  FY  1973  with  a  small  nucleus  of  ongoing  research  grants, 
has  accomplished  considerable  expansion  through  new  research  projects  pro- 
grammed by  EP  staff.   Influenza  and  Clinical  Virology  were  also  designated 
as  Special  Emphasis  Programs  within  the  past  year.   However,  since  they  were 
designated  late  in  the  year  trends  of  these  programs  will  not  be  possible 
to  predict  until  next  year.   Our  investment  extramurally  in  infectious  hepa- 
titis was  slightly  reduced  in  FY  1973  and  "Mechanisms  of  Immunity  to  In- 
fectious Agents"  was  discontinued  as  a  Special  Emphasis  Program.   Over  all, 
there  have  been  some  increases  in  the  support  of  research  on  allergic  and 
immunologic  diseases,  and  smaller  increases  for  viral  diseases,  with  the 
research  in  the  bacterial  and  fungal  disease  areas  and  the  parasitic  and 
arthropod-borne  disease  areas  holding  at  a  rather  stable  level. 
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Table  I  describes  overall  data  relevant  to  FY  1973  and  FY  1974  for  the  re- 
view and  funding  of  competing  research  grants,  fellowships,  and  training 
grant  awards. 

In  mid  FY  1973,  when  the  fellowship  and  training  grant  programs  were  termin- 
ated, there  were  46  Research  Career  Development  Award  Applications  remained 
on  hand;  24  of  these  applications  were  reviewed  in  FY  1973  and  22  were 
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reviewed  in  the  spring  of  1974  for  award  of  released  impounded  funds.   In- 
cluded in  this  group  were  the  Allergic  Diseases  Academic  Awards  of  which 
5  had  been  approved  for  funding.   With  the  release  of  impounded  funds,  we 
were  able  to  fund  4  awards  in  the  NIAID  Allergic  Diseases  Academic  Award 
program  and  23  Research  Career  Development  Awards.   All  but  one  of  these 
applications  were  funded  for  the  full  5-year  period.   During  FY  1975  both 
the  Research  Career  Development  Award  and  Allergic  Diseases  Academic  Award 
programs  will  be  reinstituted.   These  will  be  valuable  program  instruments 
for  us  during  FY  1975. 
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Allergy  and  Immunology  Research  Committee 

The  Allergy  and  Immunology  Research  Committee  was  established  to  provide 
advice  and  expertise  to  the  Department  in  the  fields  of  allergy,  immunology, 
and  immunology  of  infectious  diseases  in  their  primary  review  of  applications 
for  special  clinical  research  programs,  fellowships,  and  special  development 
award  programs. 

The  Committee  has  met  4  times  for  consideration  of  applications  for  payment 
in  FY  1974.   These  included  applications  received  in  FY  1973  but  paid  in 
FY  1974  with  FY  1973  released  impounded  funds.   Thus  the  Committee  provided 
scientific  primary  review  for  the  following  applications:   11  Asthma  and 
Allergic  Disease  Centers,  4  Allergic  Diseases  Academic  Awards,  5  Program 
Projects,  18  Research  Career  Development  Awards,  and  40  Institutional  Re- 
search Fellowships.   The  Institutional  Research  Fellowships  are  to  be 
brought  to  June  1974  Council,  although  it  is  anticipated  that  a  small 
number  of  these  will  be  paid  in  FY  1974. 

Staff  Manpower  Study 

The  staff  manpower  study  started  under  Departmental  direction  in  FY  1972- 
1973  was  continued,  and  data  was  gathered  to  compare  FY  1974  with  FY  1973. 
Because  of  many  program  changes  and  because  of  the  action  of  released  im- 
pounded funds  causing  a  tremendous  shift  to  the  activities  concerned  with 
awards  and  review  of  applications  in  the  last  half  of  1973,  it  is  unclear 
whether  1974  can  be  compared  with  1973.  The  exercise  was  run  in  order  to 
further  establish  the  feasibility  of  this  scheme  for  allocating  positions 
among  Extramural  Programs. 

Program  Evaluation 


The  pilot  study  of  a  system  of  evaluating  programs  which  was  undertaken  in 
FY  1973  was  continued  at  a  low  level  in  FY  1974.   There  has  been  consid- 
erable interest  in  this  activity  by  those  on  NIH/OD  staff  interested  in 
program  evaluation.   The  effects  of  previous  evaluations  on  staff  and 
Council  ability  to  make  decisions  has  been  most  rewarding.   The  idea  of 
providing  grantees  within  these  programs  with  feedback  from  the  evaluation 
exercise  also  appears  to  be  valuable.   Several  more  programs  will  be 
evaluated  during  FY  1975. 


Budget 

During  the  past  fiscal  year  a  change  was  made  in  the  general  format  for 
presentation  of  the  President's  Budget.   In  preparing  the  FY  1975  Budget, 
requests  for  funds  were  made  by  program  areas  rather  than  by  mechanisms. 
Budget  "crosswalks"  were  developed  to  show  not  only  the  mechanisms  in- 
volved but  also  the  dollar  requirements  of  the  entire  Institute  in  each 
of  the  four  program  areas:   Allergic  and  Immunologic  Diseases,  Bacterial 
and  Fungal  Diseases,  Viral  Diseases,  and  Parasitic  Diseases.   Fiscal 
reports  were  changed  to  make  current  data  "comparable"  with  traditional 
reports  and  historical  data  "comparable"  with  the  new  program  budget  con- 
cept.  Formats  for  machine  reports  were  to  be  redesigned  to  reflect 
activity  within  each  of  the  four  programs  as  well  as  recording  the 
mechanisms  involved.   A  new  account  management  structure  system  was  pro- 
posed which  will  necessitate  a  complete  change  in  accounting  procedures 
within  the  Extramural  Programs.   As  a  result  of  this  change  each  award 
and  application,  active  or  pending,  in  research,  fellowships,  and 
training  activities  must  undergo  a  rereview  by  staff  for  identification 
by  program  with  the  resulting  information  fed  into  our  data  control 
system.   Activities,  which  in  the  past  have  remained  fairly  stable,  have 
been  phased-out,  reactivated,  restructured,  and  reshuffled  within  budget 
categories  during  the  past  12  to  16  months.        .""t^tji;.  \j 

Since  the  FY  1973  released  impounded  funds  were  actually  awarded  during 
the  course  of  FY  1974,  the  numbers  of  these  awards  and  the  dollar  amounts 
involved  have  been  included  in  the  totals  reported  for  each  individual 
program  review  appearing  in  the  sections  which  follow. 

Personnel 

During  the  past  year,  we  have  been  fortunate  in  having  an  experienced 
staff  who  has  been  able  to  adapt  to  new  programs  and  changes  in  procedures. 
Their  experience  and  versatility  has  allowed  them  to  shift  to  areas  where 
they  were  needed  most  and  provide  uninterrupted  efficiency  under  sometimes 
difficult  circumstances. 

Dr.  Roman  Kulwich,  who  had  served  as  Assistant  to  the  Associate  Director 
for  Program  Review  and  Evaluation  as  well  as  Chief  of  the  Review  and 
Evaluation  Branch,  was  appointed  as  Assistant  Associate  Director  with 
the  accompanying  involvement  in  the  planning  and  direction  of  the  total 
Extramural  Programs.   He  has  also  continued  to  function  as  Chief  of  the 
Review  and  Evaluation  Branch. 

Early  in  the  fiscal  year  Mr.  Frederick  Norton,  who  had  served  as  Chief 
of  the  Grants  Management  and  Operations  Branch  since  May  4,  1969,  trans- 
ferred to  another  part  of  the  Department.   Mrs.  Eleanor  Wyatt,  former 
Head  of  the  Grants  Management  Section,  has  replaced  Mr.  Norton  as  Chief 
of  the  Branch.   Mrs.  Grace  Ellis,  serving  under  the  direction  of 
Dr.  Roman  Kulwich,  provides  the  budget  and  fiscal  information  previously 
maintained  by  Mr.  Norton. 
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The  Grants  Management  and  Operations  Branch  has  been  reorganized  in  order 
to  provide  a  more  streamlined  supervisory  structure.   The  organizational 
changes  also  allow  the  management  and  processing  staff  to  work  more 
closely  in  their  assigned  scientific  program  areas. 

The  administrative  support  staff  has  been  established  as  a  section 
within  the  Office  of  the  Associate  Director.   Thus,  it  can  directly 
serve  the  branches  and  interact  with  counterparts  in  other  segments 
of  the  Institute  and  the  NIH. 

Four  members  of  the  EP  staff  have  received  quality  increases  for  their 
sustained  superior  work  performance.   They  are  Mrs.  Mattie  Tynan, 
Mrs.  Rosalie  Strauss,  Miss  Linda  Tozier,  and  Mrs.  Evelyn  Rosenstein. 
It  has  been  through  this  type  of  dedication  on  the  part  of  our  staff 
that  we  have  been  able  to  handle  the  increased  work  load  with  the 
decrease  in  number  of  employees.   (See  Table  II.) 

We  have  attempted  to  develop  the  staff  by  providing  formal  training  for 
22  members  (46%)  of  the  Extramural  Programs'  staff  who  attended  40 
courses  at  a  cost  of  over  $1700.   The  cost  did  not  include  the  salaries 
while  training,  nor  did  it  include  the  support  of  the  STEP  courses  or 
Upward  Mobility  Program. 
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TABLE  I 

NIAID  Competing  Research  Grants,  Fellowships,  and 
Training  Grant  Awards  Reviewed,  Approved  and  Funded 


FY 

1973  Requests 

FY 

Regular 

Released 

Total 

1974 

Category 

Funds 

Impounded 
FY  73/74 
Funds 

Outcome 

Requests 

Research  Grants 

Reviewed 

- 

- 

990 

977 

Approved 

- 

_ 

745 

788 

Funded 

283 

52 

335 

300 

Percent  of  Approvals  Funded 

- 

- 

45 

38 

Restoration  Supplements  Funded 

— 

80 

- 

Research  Career  Program 

Reviewed 

40 

22 

62 

0 

Approved 

25 

15 

40 

0 

Funded 

4 

27 

31 

0 

Fellowships  (Old  Program) 

Reviewed 

- 

- 

134 

- 

Approved 

- 

- 

116 

- 

Funded 

14 

14 

28 

— 

New  Research  Fellowships 

Individual 

Reviewed 

- 

- 

- 

335 

Approved 

- 

- 

- 

290 

Funded 

- 

— 

— 

86 

Institutional 

, 

Reviewed 

- 

- 

- 

39 

Approved 

- 

- 

- 

25 

Funded 

— 

— 

5 

Training  Grants  (Old  Program) 

Reviewed 

- 

- 

52 

0 

Approved 

- 

- 

47 

0 

Funded 

3 

16 

19 

0 

Restoration  Supplements  Funded 

^ 

95 

^ 

0 
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TABU  II 


-600 


NIAID  Grants  Funded  and/or  Reviewed  Manpower 

FY-19b9  thru  FY-1974 


O    Research  Cranes  Funded 

D    CorapetinK  Research  Grants  Reviewed 


O   Training,  Fellowships  S  Careers  Funded 
A   Conpcting  Training,  Fellowships  U   Careers  Reviewed 


70  71  72  73 

Grants  Funded  and/or  Reviewed 


7'» 


Celling 

_  On   duty 


i)2i 

FY-69 


70 


71 


72 


73 


714 


Permaueut  FuLL-Tir.E  Employees: 


1. 


320 

$20,772,378 

43 

1,736,478 

45 

654,730 

36 

828,815 

5 

137,000 

(1) 


II.   PROGRAM  REVIEWS 

A.   ALLERGY  AND  IMMUNOLOGY 

The  approximate  level  of  support  given  allergy  and  innnunology: 

Type  of  Grant  Number     Amount 

Research  grants 

Training  grants 

Fellowships 

Research  Career  Development  Awards 

Allergic  Disease  Academic  Awards 

Summary 

Progress  of  research  in  the  basic  mechanisms  of  immunologic  phenomena  con- 
tinues to  involve  relevant  areas  of  biochemistry,  cell  biology  and  genetics. 
With  these  expanding  contributions  in  immunobiology,  immunochemistry  and 
immunogenetics  has  come  increasing  insights  into  pertinent  mechanisms  of 
human  disease.   Continuing  efforts  to  understand  host  defense  at  both 
cellular  and  humoral  levels  have  been  responsible  for  bringing  in  mean- 
ingful information  on  the  mechanisms  and  pathways  of  immunity  in  health 
and  their  corresponding  deviations  in  disease.   Thus,  researching  the 
factors  for  induction,  regulation  and  manipulation  of  the  immune  response 
is  finding  relevance  and  applicability  to  control  of  infection  by  bacterial, 
viral,  fungal  and  parasitic  organisms,  problems  of  transplantation,  auto- 
immune and  allergic  processes,  tumor  growth  and  rejection,  immunodeficiencies 
and  aging. 

Some  of  these  research  areas  responsible  for  especially  important  contri- 
butions and  advances  are: 

Transfer  factor  -  The  ability  to  extract  a  soluble  material  from  blood 
l37mphocyte  cells  capable  of  transferring  specific  types  of  the  donor's 
immunity  to  a  non-immune  recipient  has  been  an  interesting  experimental 
procedure  for  several  years.   A  real  advance  in  the  large  scale  prepara- 
tion and  purification  of  this  substance  known  as  "transfer  factor"  allowed 
for  its  application  to  human  disease.   Its  potential  therapeutic  efficacy 
has  been  demonstrated  in  the  study  of  a  spectrum  of  infectious  processes 
based  upon  the  affected  patients'  cellular  immunologic  deficiency,  e.g. 
leprosy,  oromucocutaneous  candidiasis,  coccidiomycosis,  Wiscott-Aldrich 
syndrome.   Significant  progress  has  also  been  made  in  uncovering  and  de- 
fining the  exact  chemical  character  of  "transfer  factor"  to  facilitate 
understanding  its  mode  of  action  and  possibly  extending  its  use  of  the 
treatment  of  cancerous  processes  associated  with  cellular  immunodeficiency, 
e.g.  Hodgkins  Disease. 

Lymphocyte  Biology  -  Specific  cells  involved  in  immune  mechanisms  and 
functions  have  been  identified.   From  animal  studies  it  was  found  that 


(1)  Includes  3  Institutional  Fellowships. 
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there  are  two  distinct  types  of  lymphocytes 
and  maintenance  of  the  Immune  process,  T  eel 
derived  from  bone  marrow.  Researching  and  e 
and  separate  T  and  B  cells  in  humans  by  util 
surface  membrane  chemistry  has  advanced  our 
and  functional  states  in  health  and  disease, 
cific  B  or  T  cell  disorders  are  characterist 
etiology,  e.g.  acute  and  chronic  lymphocytic 
autoimmune  disorders,  which  in  turn  should  o 
treatment  of  these  often  fatal  diseases. 


responsible  for  the  induction 
Is  of  thymus  origin  and  B  cells 
stablishing  techniques  to  identify 
izing  research  knowledge  of  their 
ability  to  define  their  presence 

We  are  now  learning  that  spe- 
ic  of  diseases  of  unknown 

leukemias,  mycosis  fungoides, 
ffer  significant  leads  for  the 


< 


Immunogenetics  -  The  importance  of  genetic  factors  has  been  consistently 
demonstrated  in  the  area  of  transplantation  compatability  where  there  is 
primary  need  to  demonstrate  similarities  and/or  differences  between  donor 
and  recipient.   It  has  now  been  found  that  genetic  factors  are  equally  im- 
portant in  determining  and  regulating  serum  antibody  mediated  immunity. 
Consequently,  we  are  learning  that  one's  hereditary  makeup  by  specific  Immune 
response  (Ir)  genes  can  be  responsible  and  influence  immune  factors  in  func- 
tions of  maintaining  health  and  in  the  induction  of  human  disease. 

Chemical  mediators  of  immunity  -  Our  knowledge  of  the  mechanisms  responsible 
for  inflammation  and  allergy  as  undesirable  side  effects  of  immune  reactions 
and  the  physiologic  pathways  of  resultant  protection  against  and  induction 
of  human  diseases  has  been  advanced  by  precise  chemical  studies.   The  chem- 
ical and  biologic  characterizations  of  compounds  generated  and/or  liberated 
during  immune  reactions  (histamine,  kinins,  complement  fragments,  SRS-A)  are 
enabling  clinical  immunologists  to  understand  and  in  turn  seek  correspond-     i| 
ingly  effective  methods  for  treatment  of  asthma,  anaphylactic  shock,  tissue 
inflammation  and  lack  of  immunity  resulting  from  defective  cellular  engulf- 
ment  and  destruction  of  bacteria.   The  study  of  intracellular  enzymes  have 
helped  to  explain  the  role  of  cyclic  AMP  levels  in  determining  whether  Immunity 
or  hypersensitivity  may  ensue.   This  has  led  to  the  development  of  a  new 
field,  immunopharmacology,  which  shows  promise  for  enhancing  and  controlling 
immune  reactivity  by  the  use  of  pharmacologic  agents  in  immune-related  and 
allergic  diseases.   Other  significant  advances  in  the  field  of  immuno chemistry 
involves  the  function  of  antibody  immunoglobulins,  e.g.,  the  site  of  action 
of  IgE  on  cell  surfaces  in  the  membranes  of  allergic  patients,  the  site  for 
effective  action  of  IgA  in  preventing  virus  and  bacterial  invasion  at  respir- 
atory, urinary,  and  gastrointestinal  tissue  sites,  and  the  defining  of  the 
complicated  structure  of  IgM,  the  blood  borne  antibody  responsible  for  the 
development  and  maintenance  of  immunity  against  bacterial  invasion. 


Relationships  between  immunodeficiency,  autoimmune  and  neoplast 
Studies  applying  newly  gathered  information  on  immune  processes 
are  demonstrating  that  human  diseases  of  immunodeficiency,  auto 
tumor  growth  may  not  fall  into  totally  distinct  categories.  As 
about  their  inter-related  basic  etiologic  and  pathologic  factor 
prevention  and  control  are  being  investigated.  It  is  becoming 
evident  that  cytotoxic  drugs  used  in  attempts  to  destroy  tumors 
uncontrolled  and  deleterious  side  effects  by  their  concomitant 
of  immunocompetent  cells.   Hope  for  control  of  tumor  growth  lie 
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rection  of  associated  imniunodef iclencies  and  immune  disorders  to  allow  for  the 
rejection  of  cancerous  processes.   Where  serum  antibody  protects  the  tumor 
from  attack  by  body  lymphocytes,  means  have  been  designed  to  enhance  the 
efficacy  or  restore  defective  cellular  immunity.   Much  of  what  we  know  about 
the  body's  defenses  and  sensitivity  reactions  is  being  applied  to  effective 
manipulations  for  rejection  of  tumors,  retention  of  transplanted  organs  and 
tissues,  recognition  of  self  tissue  to  prevent  the  development  of  auto- 
immune diseases  (sensitivity  against  one's  own  cellular  proteins),  and  the 
reconstitution  of  natural  or  induced  immune  deficiences  by  bone  marrow  and 
thymus  transplants.   We  are  learning  how  failure  of  the  body  to  eradicate 
viruses  may  lead  to  overproduction  of  antibody  resulting  in  injury  to  tissue 
(e.g.,  kidney  glomerulonephritis)  by  the  continued  presence  of  antigen-anti- 
body and  products  of  their  interaction. 

Meetings 

1.  Asthma  and  Allergic  Disease  Centers  Workshop:   The  Third  Annual  meeting 
for  program  directors  of  the  14  Centers  and  members  of  their  staffs,  organized 
and  sponsored  by  NIAID,  was  held  in  Bethesda  on  December  6-7,  1973.   Dr.  John 
H.  Vaughan,  Director  of  the  AAD  Center  at  Scripps  Clinic  and  Research  Found- 
ation in  La  Jolla,  California  served  as  Chairman.   Presentations  and  topics 
devoted  to  research  in  asthma  discussed  included:   multidimensional  classifi- 
cation of  asthma,  inhalational  challenge  studies,  beta  blockade  and  cyclic 
nucleotides,  immunoglobulins  and  chemical  mediators,  aspirin  sensitivity, 
role  of  infection,  idiopathic  asthma  and  hypersensitivity  pneumonitis. 

2.  Bronchial  Inhalation  Challenge  Workshop:   The  six  Asthma  and  Allergic 
Disease  Centers  conducting  clinical  investigations  based  on  bronchial  inha- 
lational challenge  techniques  have  formed  a  committee  for  cooperative  studies. 
Two  workshops  for  collaborating  investigators  under  the  Chairmanship  of 

Dr.  Richard  S.  Farr,  Director  of  the  AAD  Center  at  National  Jewish  Hospital 
in  Denver,  Colorado  were  held  at  Chicago,  Illinois  May  31-June  1  and  at 
Bethesda,  Maryland,  December  4-5,  1973.   This  group  is  currently  concerned 
with  standardization  of  instrumentation,  techniques  and  reagents. 

3.  Clinical  Immunology  Workshop:   The  NIAID-EP  has  cooperated  with  the 
American  Association  of  Immunologists  Committee  on  Clinical  Immunology  work- 
ing to  define  the  scope  and  definition  of  clinical  immunology  as  a  research 
and  clinical  discipline  of  medicine  and  the  optimum  function  and  organization 
of  clinical  immunology  units.   NIAID-EP  participation  and  partial  support  was 
given  to  a  workshop-type  meeting  of  this  group,  under  the  Chairmanship  of 

Dr.  Kurt  J.  Bloch,  Director  of  the  Arthritis  Unit  at  Massachusetts  General 
Hospital,  Harvard  Medical  School,  February  8-9,  1974. 
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4.   Immunological  Tolerance,  Mechanisms  and  Potential  Therapeutic  Applica- 
tions:  An  NIAID-EP  sponsored  and  supported  workshop  on  immunological  toler- 
ance under  the  Chairmanship  of  Dr.  Baruj  Benacerraf,  Professor  of  Pathology 
at  Harvard  Medical  School,  was  conducted  at  Brook  Lodge,  Michigan  on  April  28- 
May  1,  1974.   Thirty-four  of  the  foremost  scientists  with  interests  and  pro- 
grams in  this  research  area  from  the  U.S.  and  foreign  countries  attended  and 
participated  in  this  endeavor.   Major  subject  areas  discussed  included  T  cell 
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tolerance,  suppression  and  immunity,  B  cell  tolerance,  induction  and  mechan- 
isms, T  and  B  cell  interactions,  suppressive  activity  of  cells,  antibody  and 
immune  complexes,  and  potential  therapeutic  applications. 

Continued  productivity  especial  relevance  to  the  functions  of  this  Insti- 
tute and  the  desirability  of  meeting  research  needs  in  selected  areas  have 
justified  continued  existance  and  support  of  Special  Emphasis  Programs. 

1.  Asthma  and  Allergic  Disease  Centers 

2.  Clinical  Immunology  and  Immunopathology 

3.  Lymphocyte  Biology 

4.  Selective  Activation  of  Cell  Mediated  vs.  Humoral  Immunity 


Asthma  and  Allergic  Disease  Centers  Program 

The  addition  of  seven  new  Centers  at  Mayo  Clinic,  and  Northwestern, 
Louisiana  State,  California-San  Francisco,  Duke,  Colorado  and  Creighton 
Universities  bring  the  total  of  AAD  Centers  to  17.   The  objective  of  this 
program  is  to  support  and  encourage  the  development  of  interdisciplinary 
groups  posessing  the  capability  of  translating  their  accomplishments  and 
productivity  in  laboratory-based  immunologic  research  to  clinical  investi- 
gations in  hypersensitivity  states  and  allergic  diseases  of  man.   Subjects 
especially  earmarked  for  study  include  etiologic  factors  of  asthma,  hyper- 
sensitivity pneumonitis,  immunotherapy,  roles  of  infection,  heredity  and 
immune  deviations  in  the  development  of  allergy,  modulation  of  factors 
governing  the  natural  history  of  atopic  states,  chemical  mediators,  intra- 
cellular enzymes,  immunopharmacologic  agents  and  neuroreceptors  in  the 
expression  of  asthmatic  and  eczematous  processes,  and  the  development  of 
new  and  precise  diagnostic  laboratory  procedures  and  specific  therapeutic 
approaches. 

Program  Highlights 

AI-10356-03  -  K.  F.  Austen 
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c  release  of  clinical  mediators  of  immediate  hypersensitivity 
tissue  and  nasal  polyps  have  been  demonstrated  to  come  under 
c  and  cholinergic  control.   IgE  deposition  has  been  identified 
dneys  of  some  patients  suffering  from  systemic  lupus  erythema- 
temic  lupus  erythematosus  the  classic  complement  pathway  is 

recruitment  of  the  alternate  pathway  during  exacerbations  of 
ase;  whereas  in  hypocomlementemic  chronic  glomerulonephritis 
the  alternate  pathway  is  selective. 


AI-10398-03  -  R.  S.  Farr 

Basophils  in  the  peripheral  blood  behave  less  specifically  than  mast  cells 
in  the  degranulation-histamine  release  process,  and  may  not  be  significantly 
correlated  with  sensitivity  of  skin,  bronchi  and  reaginic  content  of  serum, 
and  thus  furnish  an  unreliable  index  of  hypersensitivity  and  results  of 
immunotherapy.   Bronchial  inhalational  challenge  studies  indicate  that  it 
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may  be  possible  to  understand  asthma  on  a  pathophysiologic  basis  of  the 
size  airways  undergoing  constriction.   In  the  study  of  sinobronchial  disease 
with  asthma,  naturally  occurring  immunoglobulins  with  the  capacity  to  speci- 
fically bind  antigens  associated  with  bacteria  and  fungi  have  been  identified. 

AI-04646-12  -  C.  W.  Parker 

Studies  on  cellular  enzymes  indicate  that  cAMP  may  be  important  in  early 
phases  of  mitogenic  stimulation  and  that  different  adenylate  cyclase  sti- 
mulating agents  act  on  specialized  adenylate  cyclases  in  different  parts 
of  the  cell.   Immunological  approaches  to  the  handling  of  drug  resistant 
infections  are  encouraging.   Antibody-enzyme  conjugates  directed  to  specific 
organisms  have  been  developed  as  an  adaptable  mechanism  for  the  treatment  of 
patients  with  leukocyte  dysfunction,  fulminant  bacteremia  and  refractory 
parasitic  infections  in  man. 

AI-10397-02  -  C.  E.  Arbesman  ' 

In  the  study  of  allergic  reactions  to  bee  (hymenoptera)  stings,  it  has  been 
demonstrated  that  the  venom  contains  a  specific  antigen  not  present  in  signi- 
ficantly detectable  amounts  in  whole  body  extracts,  phospholipase  A  (FLA)  can 
be  identified  as  a  major  antigenic  component,  protection  against  anaphylaxis 
can  be  achieved  by  injection  treatments  with  venom  but  not  whole  body  extracts, 
RAST  using  venom  or  FLA  serves  as  an  excellent  laboratory  tool  for  measuring 
hypersensitivity,  and  that  the  reaction  to  each  species  of  the  stinging  in- 
sects may  be  specific. 

AI-10304-03  -  F.  S.  Norman 

In  the  study  of  patients  with  asthma  due  to  ragweed  pollen  utilizing  leuko- 
cyte histamine  release  and  bronchial  inhalational  challenge  tests  it  has  been 
demonstrated  that  lung  and  skin  mast  cells  and  circulating  basophils  respond 
as  a  single  population  of  cells,  and  the  diagnostic  valve  of  quantitative  skin 
test  procedures  has  been  established. 

AI-10A04-03  -  C.  E.  Reed 

In  the  study  of  asthma  induced  by  infectious  agents  only  the  rhinoviruses 
appear  to  be  etiologically  important  for  engendering  the  triggering  inflam- 
matory stimulus.   Susceptibility  related  to  infectivity  has  been  found  to 
depend  upon  a  quantitative  factor,  i.e.,  the  number  of  viral  particles  shed 
and  transmitted  by  direct  contact. 
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Clinical  Immunology  and  Immunopathology 

This  program  is  concerned  with  the  causes,  diagnoses,  distinctive  pathology 
and  treatment  of  transmitted  and  acquired  immunologic  derangements  and  abnor- 
malities.  An  important  objective  is  the  translation  of  experimental  studies 
to  clinically  related  investigations  of  human  diseases  arising  on  an  immune 
basis,  e.g.,  immunodeficiencies,  autoimmune  reactions,  hypersensitivity 
phenomena  and  failure  of  immune  responsiveness. 
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AI-11313-02  -  H.  0.  McDevltt 

Clinical  correlations  have  been  established  between  the  presence  of  extremely 
high  titers  of  antibody  to  ribonucleoprotein  (RNP)  and  the  mixed  connective 
tissue  disease  syndrome  in  which  kidney  involvement  and  autoantibodies  to 
deroxyribonucleic  acid  (DNA)  are  infrequent.   Subacute  systemic  lupus 
erythematosus  with  nephritis  has  been  found  less  severe  when  antibody  to 
Sm  antigen  is  present  along  with  DNA  antibody.   It  has  been  shown  that 
Sm  antigen  binds  DNA,  thus  preventing  its  reaction  with  anti  DNA.   In  the 
search  for  direct  correlation  between  histocompatibility  type,  inmiune  re- 
sponse and  susceptibility  to  disease,  patients  with  thyroiditis  have  been 
studied.   It  appears  that  HL-A8  antigen  serves  as  a  genetic  marker  for 
propensity  to  develop  autoantibodies  to  thyroid  microsomal  antigens  in 
association  with  Graves  disease;  whereas  the  HL-45  antigen  serves  as  a 
genetic  marker  for  propensity  to  develop  autoantibodies  to  the  same  antigen 
but  without  any  attendant  clinical  illness.   They  may  represent  different 
immune  response  genes  responsible  for  the  development  of  antithyroid  micro- 
some autoantibodies  with  different  degrees  of  cellular  autoimmunity  or  of 
antibody  mediated  thyroid  damage.   Though  a  majority  of  patients  with  nodular 
sclerosing  Hodgkin's  Disease  have  normal  concentrations  of  peripheral  blood 
T  and  B  cells,  a  qualitative  defect  in  function  of  T  cells  or  alteration  in 
T  cell  subpopulations  leads  to  diminished  responsiveness  in  tests  of  cell 
mediated  immunity.   In  studies  with  Herpes  simplex  virus  deficiency  of  T 
cells  depressed  the  ability  of  Ij^phocytes  to  respond  to  viral  antigen  at 
least  20-fold  indicating  that  it  is  the  T  cell  responsible  for  the  produc- 
tion of  interferon. 

AI-07007-09  -  F.  J.  Dixon 

In  animal  models  a  C  type  RNA  virus  isolated  was  found  capable  of  producing 
antinuclear  antibodies,  associated  with  lupus  nephritis  and  lymphoma-leuke- 
mia.   Advances  were  made  in  the  study  of  antiglomerulo-basement  membrane 
glomerulonephritis  in  isolating  an  human  nephritogenetic  GBM  antigen-anti- 
body reaction.   Susceptibility  to  chronic  lymphocytic  choriomeningitis 
(LCM)  infection  may  be  genetically  determined  and  with  immune  responsiveness 
controlled  by  Ir  genes;  LCM  virus  levels  in  chronic  infection  determined 
by  non-immune  mechanisms. 


W.  0.  Weigle 

Methods  of  bypassing  the  need  for  T  lymphocytes  in  the  immune  response  and 
ways  of  inhibiting  the  induction  of  immunological  unresponsiveness  at  the 
B  cell  level  while  maintaining  T  cell  unresponsiveness  have  been  demonstrated. 
Specificity  of  T  cell  unresponsiveness  as  well  as  the  nature  of  a  specific 
T  cell  marker  has  been  defined. 

G.  C.  Cochrane 

In  the  study  of  allergic  reactions  and  the  mechanisms  of  deposition  of  injury 
effecting  immune  complexes  in  tissue  a  cooperative  relationship  between  re- 
lease from  tissue  mast  cells  and  platelet  activation  upon  stimulation  with 


12 


antigen  has  been  Identified.  In  an  animal  tumor  model  It  was  shown  that 
murine  sarcoma  cells  grow  exclusively  by  proliferation  thus  facilitating 
the  assessment  of  the  role  of  regression  of  virus  antibody. 

H.  J.  Muller-Eberhard 

Discovery  of  the  nephritic  factor  often  found  in  patients  with  hyprocom- 
plementemlc  nephritis  was  shown  to  be  distinct  from  Immunoglobulins  and 
a  potent  activator  of  the  alternate  pathway. 

M.  B.  A.  Oldstone 

It  was  found  that  in  addition  to  renal  glomeruli  and  arteries,  the  choroid 
plexus  is  a  favored  site  for  deposits  of  antigen-antibody  complexes,  thus 
helping  to  clarify  the  behavorial  disturbances  and  disorders  of  consciousness 
observed  In  patients  with  systemic  lupus  erythematosus. 

V.  A.  Boklsch 

Increased  consumption  of  complement  has  been  demonstrated  during  Dengue 
hemorrhagic  fever  pointing  to  Its  patholgenetlc  importance  in  the  develop- 
ment of  the  hemorrhagic  shock  syndrome. 

AI-05877-11  -  F.  S.  Rosen 

Considerable  progress  has  been  made  in  defining  specific  complement  component 
defects  to  patterns  of  immunodeficiency  diseases  on  a  genetic  basis.   In  the 
case  of  agammaglobulinemia  specific  B  cell  abnormalities  were  identified  in 
the  hereditary  x-linked  disease.   In  addition  to  B  cell  deficiencies,  in 
vitro  techniques  point  out  unresponsiveness  of  agammaglobulinemic  B  cells 
in  some  situations;  a  number  of  hitherto  undetected  immunodeficiency  states 
have  been  described  in  children,  e.g.,  IgG  subclass  deficiencies  with  pyo- 
genic infection,  absence  of  circulating  mature  T  cells  in  thymic  aplasia  with 
cardiovascular  anomalies.   Success  has  been  achieved  in  bone  marrow  trans- 
plantation in  children  with  aplastic  anemia  and  bone  marrow  aplasia  with 
determinants  at  a  locus  other  than  the  major  histocompatibility  one  having 
been  found  a  critical  factor.   Since  a  major  cause  of  morbidity  among 
Immunodeflcient  patients  is  infection  due  to  Hemophilus  influenza,  t3rpe  b, 
the  Identification  of  a  purified  capsular  component,  polyrlbose  phosphate, 
as  the  immunogenic  factor  may  lead  to  the  feasibility  of  protective  immuni- 
zation. 

AI-05754-11  -  J.  E.  Salvaggio 

The  findings  of  a  significantly  greater  rise  in  nasal  secretion  anti- 
tetanus toxoid  antibody  titers  resulting  from  intranasal  immunization 
suggest  that  the  atopic  subject  might  produce  functionally  defective 
nasal  secretory  IgA  antibody  although  exhibiting  normal  serum  and 
secretory  total  levels.   In  the  study  of  immunologic  mechanisms  involved 
in  hypersensitivity  pneumonitis  culture  of  most  environmental  Isolates  were 
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Thermoactinomyces  vulgaris  based  on  amino  acid  cell  analyses  and  there  ap- 
peared to  be  a  lack  of  shared  "cellular"  antigens  between  these  and  Micro- 
polyspora  faeni,  the  richest  source  of  "fanner's  lung  hay"  antigen. 

AI-10704-14  -  A.  F.  Michael 

In  studies  on  steroid  resistant  idiopathic  nephrotic  syndrome  in  man,  it 
was  possible  to  show  that  recurrence  of  the  disease  occurs  in  the  trans- 
planted kidney  suggesting  that  non-renal  factors  are  operative;  whereas  no 
recurrence  occurs  in  congenital  nephrotic  syndrome  after  transplantation. 
Alterations  in  the  alternate  complement  system  involving  properdin  and  C3 
proactivator  have  been  identified  in  the  pathogenesis  of  some  immune  mediated 
renal  diseases,  e.g.,  lupus,  chronic  membranoproliferative  and  acute-post 
streptococcal  glomerulonephritis.   An  increased  uptake  of  macromolecular  ag- 
gregated IgG  was  demonstated  in  nephrotoxic  nephritis  suggesting  an  important 
relationship  between  mesangial  function  and  glomerular  filtration.   In  pem- 
phigus, significance  of  a  suspected  autoimmune  component  has  been  added  by 
the  demonstration  of  decrease  in  blister  fluid  content  of  complement  com- 
ponents. 

Lymphocyte  Biology 

Lymphocytes,  cellular  elements  populating  bone  marrow,  thymus,  lymph  nodes, 
spleen,  blood  and  lymphatic  fluid  are  critical  to  the  immune  system  by  their 
diversity  of  participation  in  highly  specialized  biologic  functions.   Indi- 
vidually specific  types  of  lymphocytes  are  each  responsible  for  recognition 
of  a  foreign  molecule  at  its  cell  surface,  transmissal  of  informational  sig- 
nals to  other  cells  characterized  by  immunological  competence,  and  production 
and  secretion  of  specific  types  of  antibody  molecules,  i.e.,  immunoglobulins, 
retention  of  immunologic  memory  or  the  production  and  release  of  chemical 
mediators  having  biologic  activity.   The  Lymphocyte  Biology  Program  was  devel- 
oped to  attain  complete  knowledge  of  the  life  history  of  immunocompetent  cells 
and  the  genetic  factors  that  determine  their  fate  and  function.   Such  know- 
ledge is  of  great  importance  in  providing  information  to  effectively  reconsti- 
tute immunodef icient  patients,  alleviate  allergic  states,  resist  virulent 
infections  and  to  combat  neoplastic  processes. 

To  further  the  advancement  of  such  an  approach,  multidisciplinary  programs 
have  been  accomplished  through  NIAID  research  grants  to  effectively  integrate 
the  techniques  of  cell  culture,  cell  biology,  genetics,  virology,  immuno- 
chemistry,  and  cellular  immunology.   The  addition  of  two  program  projects, 
at  University  of  Texas,  Southwestern  Medical  College  and  the  University  of 
Wisconsin  brings  the  total  of  research  centers  participating  in  NIAID 's 
Lymphocyte  Biology  Program  to  four. 

Program  Highlights 

AI-11378-01  -  G.  M.  Edelman 

Development  of  the  f iber-fractionation  technique  adds  an  effective  method 
for  specific  collections  of  functioning  T  and  B  cells.   Analysis  of  dis- 
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tribution  and  mobility  of  immunoglobulin  receptors  on  B  cells  has  provided 
important  clues  to  factors  controlling  receptor  mobility.   Antigens  that 
are  serologically  non-cross  reacting  do  cross  react  at  the  cellular  level 
indicating  that  both  specificity  and  affinity  play  central  roles  in  the 
antigenic  stimulation  of  lymphoid  cells.   A  subpopulation  of  T  cells  does 
not  appear  until  two-three  weeks  after  birth,  correlating  this  population 
with  the  appearance  of  an  immune  response. 

AI-08439-07  -  F.  H.  Bach 


In  an  animal  model  of  human  histocompatibility,  it  has  been  established 
that  reactivity  of  lymphocytes  is  controlled  by  loci  other  than  those  con- 
trolling serologically  defined  (SD)  antigens  of  H-2K  and  H-2D;  these  loci 
have  been  mapped  out.   In  vivo  studies  of  histocompatibility  applied  to  the 
pathogenesis  of  graft  vs.  host  reaction  (GvH)  and  secondary  disease  have 
demonstrated  that  GvH  are  determined  primarily  by  LD  locus  differences  of 
H-2  rather  than  SD  differences.   LD-2  loci  differences  are  associated  with 
skin  graft  rejection  without  known  H-2K  or  H-2D  disparity;  LD-1  differences 
permit  long  graft  survival.   Methods  have  been  developed  for  the  production 
of  antisera  against  mixed  leukocyte  culture  (MLC)  -  important  gene  products; 
blocking  recognition  of  value  for  in  vivo  manipulation  of  the  in  vivo  re- 
sponse. 

AI-11851-01  -  J.  W.  Uhr 

Ig+  cells,  probably  plasma  cells  and/or  bone  marrow-derived  (B)  lymphocytes 
of  non-thymocyte  lineage  have  been  demonstrated  within  the  thymus.   Studies 
on  the  turnover  and  release  of  cell  surface  Ig  and  secretion  of  total  intra- 
cellular Ig  indicate  that:   binding  of  macromolecules  (Ig)  to  the  interior 
of  Golgi  vesicles  is  a  critical  step  in  the  transport  of  cell  surface  pro- 
teins, later  released  and  secreted.   In  contrast  H-2  alloantigens  are  in- 
tegral glycoproteins  of  the  plasma  membrane  and  may  be  part  of  the  post-Golgi 
vesicles  which  transport  Ig  to  the  plasma  membrane.   A  model  system  studying 
the  binding  of  antigen  to  cells  with  antibody  on  their  surface  with  respect 
to  the  energetics  of  interaction  suggest  definition  of  the  mechanism  by 
which  multivalent  antigen  can  stimulate  immune  cells  in  the  presence  of 
circulating  antibody. 

Cell-Mediated  Versus  Humoral  Antibody  Responses 

This  program  seeks  to  understand  interrelationships  between  cell-mediated 
immunity  and  humoral  antibody  formations  at  the  interface  of  their  respective 
generation,  regulation  and  expression.   The  importance  of  this  possible  capa- 
bility to  selectively  manipulate  the  pathway  of  the  immune  response  could  be 
applied  to  the  prevention  and  treatment  of  infectious  diseases  and  neo- 
plasias and  the  control  of  adverse  transplantation  reactions  and  aging. 

AI-01254-18  -  H.  S.  Lawrence 

Perfection  of  an  in  vitro  assay  of  transfer  factor  (TF)  by  its  ability  to 
convert  non-immune  blood  lymphocytes  to  immune  reactivity  is  considered  a 
break-through  for  research  designed  to  elucidate  the  molecular  identity 
and  mechanism  of  action  of  the  active  moiety  in  TF. 
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AI-09920-04  -  B.  Benacerraf 

Studies  concerned  with  the  activity  of  histocompatibility-linked  immune  re- 
sponse genes  (Ir)  indicate  that  the  Ir  gene  is  involved  in  carrier  recogni- 
tion and  suggest  that  it  operates  in  thymus-derived  lymphocytes.   Studies 
on  the  cooperative  interaction  of  T  and  B  cells  in  humoral  immune  responses 
indicate  that  x-irradiation  does  not  result  in  abrogation  of  T  cell  helper 
function  and  production  of  soluble  inhibitory  mediators  in  antigen-induced 
suppression  (antigenic  competition);  T  lymphocytes  elaborating  such  mediators. 
The  affinity  of  receptors  on  precursor  cells  for  tolerogen  appear  to  be  cru- 
cial determinents  of  whether  an  individual  cell  will  become  tolerant. 

AI-10904-02  -  H.  J.  Winn 

An  alloantibody  to  B  cells  has  been  defined  in  an  animal  model  by  genetic, 
cell  population  and  functional  studies  which  in  turn  may  permit  greater 
manipulation  of  the  immune  response  than  is  currently  possible.   Products 
of  H-2  loci  have  been  found  to  differ  in  both  respective  humoral  and 
cellular  immunogenic ity  in  graft  rejection  and  enhancement.   The  finding 
that  peripheral  coating  of  the  graft  is  not  the  likely  mechanism  of  tumor 
enhancement  appears  also  applicable  to  tumors  indicating  a  primary  central 
rather  than  a  peripheral  role  in  prolonged  tumor  growth. 

AI-llOAl-02  -  T.  L.  Feldbush 

The  existance  of  two  memory  cell  populations  of  different  half  lives  have 
been  demonstrated  indicating  the  necessity  of  continual  antigenic  stimula- 
tion in  order  to  perpetuate  immunologic  memory;  one  concentration  of  anti- 
gen optimal,  for  stimulating  antibody  formation;  a  lesser  amount  for  poten- 
tiating memory.  Determination  of  the  anatomical  distribution  of  short  and 
long-lived  memory  cells  indicating  the  same  relative  percentages  among  spleen 
cells  and  lymph  node  and  thoracic  duct  lymphocytes  requires  re-examination 
of  existing  information  on  the  biologic  life  span  of  thoracic  duct  lympho- 
cytes. 

AI-11077-01  -  F.  S.  Kantor 

The  process  of  desensitization  was  shown  to  depend  upon  sensitization  indi- 
cating that  sensitized  cells  act  by  producing  an  inhibitor  causing  unrespon- 
siveness to  the  indifferent  antigen.   In  the  study  of  anergy  associated  with 
sarcoid,  decrease  in  functional  capacity  of  T  lymphocytes  related  to 
steroid  treatment.   Hapten  specificity  of  transfer  of  cutaneous  baso- 
phil hypersensitivity  has  been  defined  helping  to  clarify  the  separa- 
tion of  this  form  of  delayed-in-tirae  reaction  from  the  conventional 
delayed  hypersensitivity.   The  immunologic  defect  in  sarcoidosis  is 
not  due  to  dysfunction  or  depletion  of  lymphocytes,  but  that  the  anergic 
phase  may  be  caused  by  an  immunosuppressive  factor. 
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AI-10886-02  -  J.  J.  Marchalonls 

The  presence  of  Inmunoglobulin  comprised  of  light  and  y  chains  was  found 
on  the  surfaces  of  all  normal  lymphocyte  populations.   T  cell  immuno- 
globulin did  not  bind  to  either  T  or  B  cells,  thus  militating  against  a 
cytophillc  origin.   Direct  evidence  was  found  for  surface  immunoglobulin 
of  activated  T  cells  functioning  as  an  antigen  receptor. 


a 


Other  Program  Highlights 

Immunochemistry 

AI-09810-04  -  J.  D.  Capra 

Amino  acid  sequence  of  Ra5,  an  allergenic  component  of  ragweed  pollen  has 
been  characterized. 

Immunogenetics 

AI-08897-06  -  D.  B.  Amos 


o 


In  studies  of  tolerance  to  heterologous  immunoglobulin  systems,  it  was  shown 
that  induction  and  maintainence  of  tolerance  involved  neither  blocking  factors 
nor  suppressor  cells.   Carrier-specific  T  cell  tolerance  was  shown  to  be  long- 
lasting  and  dose-dependent.   Cross-tolerance  attributed  to  T  cell  cross-re- 
activitiy  was  demonstrated. 

Transplantation  Immunology 

AI-10678-02  -  R.  E.  Billingham 

Decidual  tissue  conferred  no  protection  upon  intra-uterine  allografts  suggest- 
ing that  it  interferes  only  with  the  afferent  pathways  of  the  uterine  reflex. 
Allogenic  sperm  and  fetuses  incite  Ijnnphadenopathy  but  not  transplantation 
immunity.   Evidence  was  obtained  for  fetal  vs  maternal  reactivity  attribut- 
able to  fetal  immunocytes.   There  is  thus  no  reason  to  believe  that  feasible 
conception  control  can  be  based  upon  transplantation  alloantigens.   Maternal 
and  fetal  immunogenetic  disparity  affect  placental  size  and  this  manipulation 
also  affects  trophoblastic  invasion  and  proliferation.   Viable  milk-borne 
lymphocytes  are  observed  in  appreciable  numbers  in  neonate  tissue.   Though 
the  anterior  chamber  (AC)  of  the  eye  is  an  immunologically  priviledged  site, 
graft  size  and  associated  non-specific  inflammation  can  abrogate  the  pro- 
tection afforded  by  this  segment  of  the  eye.   Even  in  immunologically  naive 
hosts,  antigen  reactive  cells  can  recognize  antigens  on  lymphocytes  within 
the  AC  and  effect  destruction  of  cells  in  the  absence  of  lymphatic  drainage. 

AI-10060-04  and  AI-11202-02  -  K.  Ishizaka 

IgE  and  IgC  enhancing  antibody  factors  are  different.   T  and  B  cells  for 
ragweed  antigen  E  have  different  specificities.   Cells  which  cannot  be 
sensitized  by  IgE  fail  to  release  histamine  on  antigen  challenge  because 
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they  are  poor  responders  to  antigen-antibody  surface  reactions.   Patch  or 
cap  formation  due  to  IgE  reaction  is  not  a  process  of  histamine  release. 

AI-10686-02  -  L.  Spitler 

Transfer  factor  (TF)  prepared  in  this  laboratory  has  been  used  therapeuti- 
cally to  induce  cellular  immunity  in  international  cooperative  studies. 
Diseases  in  vjhich  TF  was  effective  included  Wiskott-Aldrich  syndrome, 
severe  combined  immunodeficiency  disease,  mucocutaneous  candidiasis,  chronic 
active  hepatitis,  coccidiomycosis,  dysgammaglobulinemia,  Bechet's  disease, 
apthous  stomatitis  and  malignant  melanoma.   Since  not  all  patients  in  each 
category  responded  to  the  administration  of  TF,  different  forms  of  the 
various  diseases  may  have  different  pathogenetic  mechanisms  although  appear- 
ing clinically  similar. 

AI-10088-04  -  R.  L.  Walford 

In  the  study  of  chronic  lymphocytic  leukemia,  antigenic  factors  not  related 
to  the  HL-A  system  have  been  demonstrated;  there  may  be  different  antigens 
specific  for  different  varieties  or  subdivisions  of  chronic  lymphatic 
leukemia.   However,  in  contrast  to  leukemia  patients,  no  hyperactivity  of 
HL-A  typing  sera  were  seen  with  cells  from  patients  with  lymphomas.   Ab- 
errant HL-A  antigen  distribution  was  found  in  a  study  of  patients  with 
myesthenia  gravis,  especially  related  to  sex  and  age  of  onset. 
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B.   BACTERIAL  AND  MYCOTIC  DISEASES 

The  approximate  level  of  research  support  in  bacterial  and  mycotic 
diseases : 


Type  of  Grant 

Research  grants 
Training  grants 
Fellowships 


Number 

242 
38 
22 


Amount 


$10,237,149^-'-^ 

1,640, 926, 2N 
347,870 


o 


\^ 


The  name  of  the  Bacteriology  and  Mycology  Branch  was  changed  to 
Bacterial  and  Mycotic  Diseases  Branch,  as  this  name  more  accurately 
reflects  both  the  nature  of  the  research  programs  it  supports  and  its 
relationship  to  the  National  Institute  of  Allergy  and  Infectious 
Diseases.   Research  progress  in  the  high-quality  grant  program  sup- 
ported by  the  Branch  continues  to  uncover  significant  or  noteworthy 
new  results,  many  of  them  showing  considerable  future  potential  for 
direct  clinical  and  therapeutic  application. 

The  Special  Emphasis  programs  of  this  Branch  have  continued  their 
growth,  indicating  the  very  great  interest  of  the  biomedical  science 
community  in  these  programs.   This  is  most  notable  in  the  Special 
Emphasis  programs  in  Biology  of  Venereal  Diseases  and  in  Hospital- 
Associated  Infections.   Only  the  best  of  the  many  approved  grants  in 
these  programs  are  selected  for  funding  under  the  Dollar  Allocation 
by  Program  Area  (DAPA)  system  adopted  in  the  past.   The  Special 
Emphasis  program  in  Streptococcal  Diseases  and  Sequelae  was  considered 
well  enough  developed  by  the  National  Advisory  Allergy  and  Infectious 
Diseases  Council  that  it  did  not  require  a  special  funding  mechanism 
(DAPA)  in  1974.   The  Special  Emphasis  program  in  Mechanisms  of  Drug 
Resistance  was  transferred  to  the  Biochemistry  and  Physiology  Branch 
for  administration  as  this  program,  primarily  one  of  basic  research, 
was  deemed  more  appropriate  to  that  Branch.   In  its  place  a  new 
Special  Emphasis  program  in  Hospital-Associated  Infections  was  approved 
by  the  Council,  with  funding  allocated  under  the  DAPA  system  to  initiate 
this  program. 

Other  research  areas  covering  the  microbiology  of  important  disease  pro- 
blems, outside  the  Special  Emphasis  programs,  are  continuing  to  show 
expanding  interest  by  the  scientific  community.   Research  in  fungal 
diseases  and  in  infectious  and  diarrheal  disease  of  the  intestinal 
tract  are  some  research  areas  fitting  this  category.   Other  disease 
areas  of  importance  and  interest  are  tuberculosis,  staphylococcal  in- 
fections, bacterial  endotoxins,  and  leprosy. 


(1)  Includes  10  Career  Awards. 

(2)  Includes  2  Institutional  Fellowships, 
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Research  Grant  Highlights 

A  number  of  important  research  findings  by  grantees  supported  by  the 
BM  Branch  are  briefly  summarized  here: 


Biology  of  Venereal  Diseases 

The  greatest  expansion  has  occurred  in  the  Biology  of  Venereal  Diseases 
program,  which  now  comprises  34  research  grants,  one  program  project 
(a  multi-faceted  V.D.  research  center),  a  V.D.  training  grant,  and 
several  postdoctoral  fellowships.   Total  investment  currently  is  appro- 
ximately $1,736,000. 

AI-11305-02  -  D.  M.  Musher 

Greater  clarity  and  definition  of  the  immune  response  to  syphilis  are 
needed,  particularly  that  related  to  cell-mediated  immunity.   Results 
of  this  study  on  lymphocyte  stimulation  of  both  normal  and  syphilitic 
patients  indicate  that  lymphocytes  from  normal  subjects  were  stimulated 
by  protein  extracts  from  a  cultivable  Treponema  refringens.   Patients 
with  primary  and  secondary  syphilis  had  a  significantly-reduced  lympho- 
cyte response  to  the  treponemal  extracts.   No  effect  was  seen  of  normal 
serum  on  lymphocytes  from  the  syphilitic  patients  and  vice  versa.   These 
data  support  the  hypothesis  that  specific  immunologic  suppression  is  part 
of  the  host  response  to  infection  with  T.  pallidum. 

AI-11413-02  -  L.  J.  Zubrzycki 

The  problem  of  increasing  drug  resistance  of  the  gonococcus  and  the  con- 
comitanL  problem  of  treatment  failures  are  becoming  very  worrisome.   Re- 
sults of  this  study  have  confirmed  that  many  gonococcal  strains  resistant 
to  one  antibiotic  are  resistant  to  other,  chemically-unrelated  anti- 
biotics.  The  data  also  suggest  that  multiple  drug-resistant  gonococci 
now  seen  may  be  resistant  to  antibiotics  not  currently  in  routine  use. 
The  antimicrobial  resistance  can  be  transferred  by  the  DNA,  and  prelim- 
inary data  indicate  that  there  is  an  interaction  between  genes  account- 
ing for  the  resistance  to  single  antibiotics.   The  possibility  is  strong 
that  we  may  be  facing  a  continuing  step-wise  increase  in  gonococcal  re- 
sistance to  single  and  multiple  antimicrobials;  it  is  also  suggested 
that  antibiotic  resistance  can  be  transferred  between  strains  of 
gonococci  ill  vivo. 

AI-10615-03  -  E.  C.  Gotschlich 

Purified  preparations  of  pili,  obtained  from  virulent  gonococcal  strains, 
were  labeled  with  radioiodine  and  used  in  the  development  of  a  radio- 
active antigen  binding  assay,  as  reported  previously.   Results  of  this 
test  showed  that  mean  antibody  levels  of  90%  of  asymptomatic  infected 
females  were  higher  than  in  noninfected  controls.   The  pili  antibody 
levels  rose  to  peak  values  about  two  weeks  following  infection  and  de- 
clined to  near-normal  values  within  six  months  of  successful  treatment. 
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Antibody  to  pili  also  was  observed  in  experimentally-infected  chimpan- 
zees, rabbits,  and  guinea  pigs.   Analysis  of  results  indicates  that  the 
number  of  false  positive  results  in  this  test  in  the  infected  female  is 
very  low;  in  infected  males  the  results  are  not  so  clear-cut.   A  reliable 
blood  test  for  detection  of  asymptomatic  gonorrhea  in  females  would  be  of 
significant  advantage  in  lowering  the  rate  of  spread  of  the  disease. 

AI-07A36-08  -  H.  E.  Morton 

This  investigator  is  attempting  to  develop  a  more  sensitive  and  specific 
serologic  test  for  gonorrhea.   In  this  study  he  has  been  able  to  adsorb 
the  gonococcal  antibody  onto  the  surface  of  trypsin-treated  sheep  erythro- 
cytes.  The  gonococcal  antibody-sensitized  erythrocytes  served  as  the 
basis  for  a  very  sensitive  indirect  hemagglutination  test,  using  only 
small  numbers  of  the  gonococcal  organism  in  suspension.   This  test  has 
great  potential  over  the  usual  direct  culture  methods  for  diagnosis  of 
the  infection;  the  causative  agent  can  be  detected  in  very  small  numbers 
from  body  secretions  before  symptoms  are  recognized  or  antibody  appears 
in  detectable  amounts.   This  test  can  be  especially  useful  for  diagnosis 
of  gonococcal  arthritis. 

AI-03082-15  -  Z.  A.  McGee 

The  increasing  rate  of  penicillin  therapy  failure  for  gonorrhea  may  be 
due  to  persistence  of  the  L-phase  variant  of  the  gonococcus  during 
penicillin  treatment.   The  conditions  for  formation  and  stability  of 
gonococcal  L-phase  variants  were  determined  by  this  investigator  from 
fresh  clinical  Isolates.   These  L-phase  gonococcal  variants  were  allowed 
to  revert  to  their  parent  forms;  on  re-exposure  to  penicillin  they  again 
underwent  transition  to  the  L-phase  far  more  readily  than  did  the  original 
gonococcal  organism.   These  findings  have  implications  for  the  disease  in 
man,  especially  after  penicillin  therapy  for  gonorrhea. 
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Streptococcal  Diseases  and  Sequelae 

The  evaluation  of  the  Special  Emphasis  program  in  Streptococcal  Diseases 
and  Sequelae  was  completed  in  April  of  1973  and  presented  to  the  Council 
in  June  1973.   In  summary,  the  evaluators  found  that  considerable  progress 
had  been  made,  and  that  the  program  was  of  sufficient  importance  to  main- 
tain it  as  a  Special  Emphasis  program,  but  without  the  addition  of  DAPA 
funds.   Of  the  24  grants  then  in  the  program,  eight  were  considered  no 
longer  relevant  to  streptococcal  disease  and  were  returned  to  the  regular 
grants  program.   The  summary  report  was  forwarded  to  all  members  of  the 
evaluation  panel  and  the  grantees  involved.   Currently  the  program  com- 
prises 19  grants,  funded  at  $1,193,710. 
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AI-09645-05  -  E.  M.  Ayoub 

Rheumatic  valvular  heart  disease  is  still  of  concern  to  pediatricians; 
although  the  disease  causes  serious  disability,  it  is  still  a  prevent- 
able disease.   In  this  continuing  study,  the  investigator  has  found 
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that  certain  oligosaccharides  in  mitral  valves  of  rheumatic  fever 
patients  cross-react  with  antibody  to  the  streptococcal  carbohydrate 
antigen.   He  has  also  found  that  high  levels  of  antibody  persist  in 
patients  with  rheumatic  valvular  disease  for  two  to  three  years  after 
the  initial  attack.   Patients  with  congenital  mitral  valve  defects  or 
with  non-rheumatic  valvular  disease  show  normal  levels  of  streptococcal 
A  antibody.   These  data  lend  further  support  to  the  role  of  an  immuno- 
logical mechanism  in  the  pathogenesis  of  rheumatic  valvular  disease. 

AI-0287A-15  -  A.  W.  Rernheimer 

This  investigator,  a  Research  Career  Awardee  of  the  Institute,  has  con- 
tinued to  make  valuable  contributions  to  our  understanding  of  strepto- 
coccal diseases.   He  has  isolated  and  characterized  certain  specific 
bacterial  proteins,  to  define  their  capacity  to  cause  biologic  and 
biochemical  changes  leading  to  lesions  in  the  patient.   In  this  current 
study  Dr.  Bernheimer  has  disproved  the  claim  by  others  that  strepto- 
lysin 0  was  the  same  as  nicotinamide  adenine  dinucleotidase  (NADase) . 
Purified  streptococcal  NADase  had  no  hemolytic  activity,  nor  did  puri- 
fied streptolysin  0  have  any  NADase  activity.   In  other  studies,  a 
purified  beta-hemolytic  protein,  sphingomyelinase  from  Staphylococcus 
aureus,  was  found  to  have  a  very  high  hemolytic  activity.   The  sensi- 
tivity of  the  erythrocytes  to  this  hemolytic  activity  correlated  with 
the  sphingomyelin  content  of  the  erythrocytes.   This  extracellular  S^. 
aureus  enzyme  may  be  of  importance  in  pathogenesis. 

AI-04342-13  -  E.  N.  Fox 

The  goal  of  this  study,  rapidly  approaching  fruition,  has  been  the  develop- 
ment of  streptococcal  M  protein  for  use  as  a  suitable  vaccine.   Currently, 
children  and  adults  were  Immunized  with  the  purified  M  protein  by  a  spray 
technique  via  the  intranasal  route.   Only  antibodies  of  the  IgG  class  were 
detected  in  the  sera  of  the  vaccinees.   Secretory  IgA  antibody  from  nasal 
washes  or  saliva  showed  no  anti-M  protein  activity.   In  lactating  rabbits 
immunized  with  the  purified  M  protein,  it  was  found  that  serum  and  colo- 
strum had  type-specific  antibody,  but  without  bactericidal  activity. 
Other  workers  have  recently  shown  that  M  proteins  allow  the  streptococci 
to  adhere  to  epithelial  cells;  the  type-specific  antibody  prevents  this 
adherence.   Investigation  is  continuing  on  the  participation  of  these 
type-specific  secretory  immunoglobulins  in  colonization  and  infection 
of  mucous  membranes  by  the  organism. 

AI-05100-12  -  R.  Austrian 

The  role  of  alpha-hemolytic  streptococci  in  the  pathogenesis  of  chronic 
infections  of  the  lower  respiratory  tract  is  not  clearly  defined.  This 
study  is  attempting  to  clarify  the  problem  by  developing  criteria  for 
classifying  the  alpha-  and  beta-hemolytic  streptocci  of  the  respiratory 
tract.  It  might  then  be  possible  to  determine  whether  this  large  group 
of  organisms  play  a  significant  role  as  opportunistic  pathogens. 
Several  strains  of  streptocci  recovered  by  trans-tracheal  puncture  from 
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patients  were  found  to  have  certain  attributes  relating  them  to  the 
pneumococci.   Some  cross-reactivity  between  certain  polysaccharide  cap- 
sular components  was  found,  as  well  as  reactivity  to  their  teichoic 
acids. 


AI-11161-03  -  C.  Panos 

This  investigator,  in  his  s 
these  wall-less  forms  could 
for  growth  in  certain  media 
to  attach  to  heart  cells  in 
the  heart  cells,  leading  to 
ings  are  the  first  to  show 
found  capable  of  tissue  des 
L-fonns  in  the  pathogenesis 


tudy  on  streptococcal  L-forms,  found  that 
be  stabilized  and  yet  retain  their  capability 

Most  importantly,  the  L-fonns  were  found 
tissue  culture,  and  to  penetrate  and  damage 
extensive  necrosis.   These  significant  find- 
that  an  osmotically  fragile  L-form  has  been 
truction  in  vitro.   The  possible  role  of 
of  disease  now  becomes  more  creditable. 


Hospital-Associated  Infections 

The  program  in  Hospital-Associated  Infections  is  beginning  its  expansion, 
with  a  current  listing  of  23  grants  (a  number  of  these  being  ongoing  pro- 
jects from  previous  years),  funded  at  approximately  $725,000.   There  is 
considerable  interest  expressed  in  this  program  by  clinically-oriented 
scientists. 

AI-10892-02  -  R.  L.  Baehner 

A  highly-reactive  and  unstable  intermediate  radical  called  superoxide 
was  studied  in  relation  to  its  possible  role  in  bacterial  killing  in 
polymorphonuclear  leukocytes  (PMN) .   It  is  known  that  the  superoxide 
radical  is  produced  by  normal  PMN  during  phagocytosis.   Abnormal  PMN, 
in  patients  with  chronic  granulomatous  disease,  fail  to  produce  super- 
oxide during  phagocytosis,  and  these  have  greatly  diminished  or  absent 
bacterial  killing  powers.   This  may  be  one  reason  for  the  greater  sus- 
ceptibility of  such  patients  to  infections,  particularly  to  hospital 
infections. 

AI-03082-15  -  Z.  A.  McGee 

A  better  understanding  of  host-parasite  interactions  will  lead  to  more 
effective  control  measures  than  will  the  availability  of  new  antimicro- 
bial agents.   The  increasing  incidence  of  disseminated  Candida  infections 
is  being  studied  by  examination  of  host  factors  responsible  for  over- 
coming Candida  fungemia.   In  this  study  it  was  found  that  liver  was  the 
major  organ  for  clearance  of  this  yeast  when  injected  into  animals  peri- 
pherally.  Candida  was  present  in  liver  granulocytes  or  enmeshed  in 
fibrin  clots  and  in  Kupfer  cells.   The  reticuloendothelia  (RES)  system 
of  liver  as  well  as  circulating  PMN  seem  to  be  the  major  contributors 
to  the  host's  efforts  to  rid  itself  of  the  fungus. 
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AI-00023-24  -  L.  D.  Sabath 

This  investigator  has  been  studying  the  clinical  pharmacology  of  anti- 
biotics, particularly  in  the  debilitated  patient.   He  has  found  that 
oral  antibiotic  excretion  or  retention  patterns  vary  widely  among 
patients  —  there  is  no  true  norm  for  any  given  antibiotic.   This  is 
particularly  important  for  the  severely-debilitated  or  the  burn  patient. 
Such  patients,  including  those  with  renal  failure,  absorbed  large  amounts 
of  neomycin,  leading  to  neomycin  toxicity.   With  potentially  toxic  anti- 
microbials, therefore,  very  fine  regulation  of  therapy  will  require  fre- 
quent and  careful  measurement  of  drug  levels. 

The  problem  of  endotoxin  shock  as  a  serious  concomitant  to  infection 
with  Gram-negative  microorganisms  is  intimately  connected  with  the 
problem  of  Hospital-Associated  Infections.   Endotoxemia  plays  a  signi- 
ficant role  in  the  pathogenesis  of  Gram-negative  infection,  although 
the  adverse  effects  of  endotoxin  on  the  host  are  poorly-understood. 

AI-09394-05  -  R.  J.  Moon 

Results  of  this  study  show  that  serotonin  production  (from  the  break- 
down of  tryptophan)  is  increased  in  endotoxin-poisoned  mice.   Previous 
information  showing  the  effect  of  endotoxin  on  liver  enzymes  and  meta- 
bolism of  carbohydrates  suggests  that  excess  serotonin  plays  a  critical 
role  in  the  hyperreactivity  of  endotoxin-poisoned  mice.   The  author 
points  out  that  disruption  of  metabolic  hemostasis  in  the  liver  of 
these  animals  cannot  help  but  play  a  detrimental  role  in  the  host's 
ability  to  cope  with  the  endotoxin  stress. 


AI-0725/-08  -  J.  W.  Shands,  Jr. 

Studies  of  liver  metabolism  after  endotoxemia  and  correlation  with  organ 
blood  flow  should  help  define  what  occurs  first,  shock  or  altered  meta- 
bolism.  Clarification  of  the  mechanism  of  action  of  the  endotoxin  (LPS) 
is  needed.   Results  of  this  study  show  that  hypoglycemia  occurs  frequently 
before  shock;  there  is  also  evidence  for  Increased  vascular  resistance 
in  the  liver,  with  decreased  blood  flow.   The  loss  of  gluconeogenesis 
occurs  about  two  hours  after  LPS  administration.   LPS  was  found  to  be 
cytotoxic  for  macrophages;  studies  with  the  electron  microscope  showed 
these  cells  to  contain  LPS  in  phagosomes,  with  ruptured  membranes  evident. 

Fungal  Infections 

Fungal  infections,  particularly  by  opportunistic  fungi,  are  becoming 
an  increasingly  grave  problem  in  patients  with  severe  underlying 
disease  or  under  immunosuppressive  therapy. 


AI-105A7-03 


R.  I.  Lehrer 


Characterization  of  host  factors  related  to  resistance  to  systemic 
fungal  infections  is  needed.   This  Investigator  has  found  in  lysosomes 
of  neutrophils  fungicidal  components  that  could  kill  Candida  yeasts. 
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These  fungicidal  components  were  inhibited  by  several  types  of  poly- 
anlonic  compounds.   Analysis  of  neutrophils  of  patients  suffering  from 
systemic  mycoses  showed  evidence  of  a  lysosomal  defect. 

AI-05022-11  -  G.  S.  Bulmer 

In  this  study  it  was  found  that  even  activated  alveolar  macrophages 
were  unable  to  kill  Cryptococcus  neoformans.   The  yeast  cells  remained 
viable  after  phagocytosis,  even  though  the  activated  macrophages  readily 
killed  bacterial  cells.   Saliva  from  immunologically-compromised  patients 
showed  a  reduced  in  vitro  fungicidal  activity  compared  to  normal  patients; 
a  lower  level  of  salivary  peroxidase  was  found.   These  patients  have  a 
reduced  ability  to  kill  this  yeast,  whereas  normal  individuals  are  not 
particularly  susceptible.   Viable  C^.  neoformans  cells  injected  into 
mouse  muscle  enlarged  and  readily  produced  capsular  material;  this 
capsular  material  inhibited  phagocytosis  by  neutrophils. 

AI-10622-03  -  G.  Medoff 

Therapy  of  serious,  systemic  fungal  infections,  with  few  exceptions, 
has  not  been  notably  effective.   A  newer  method,  using  combined  anti- 
microbials, now  looks  very  promising  with  great  potential  for  improved 
therapy  of  fungal  infections. 

Results  of  this  study  show  that  Amphotericin  B.,  effective  against  fungal 
infections,  also  showed  stimulation  of  peritoneal  macrophages,  probably 
owing  to  the  membrane-active  properties  of  the  antibiotic.   The  anti- 
biotic's membrane  effect  is  based  on  its  greater  avidity  for  ergosterol 
found  in  fungal  cell  membranes  than  for  cholesterol,  the  constituent 
of  mammalian  cell  membranes.   This  drug  in  combination  with  rifampin 
showed  a  strong  synergistic  effect;  rifampin  inhibits  all  t3rpes  of  RNA 
synthesis  in  the  presence  of  Amphotericin  B.   A  strong,  irreversible 
binding  was  found  that  was  correlated  with  fungal  cell  killing. 
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Cholera,  Leprosy,  and  Tuberculosis 

Cholera 

Considerable  interest  is  evident  in  the  enterotoxln  produced  by  certain 
toxigenic  strains  of  Escherichia  coll.   These  strains  cause  a  diarrheal 
disease,  similar  in  some  respects  to  cholera,  but  less  severe  in  its 
effects. 

AI-07625-08  -  N.  F.  Pierce 


Enterotoxln  produced  by  E^.  coll  occurs  in  two  forms,  a  heat-stable  and 
a  heat-labile  toxin.   Neither  of  these  toxins  is  inhibited  by  cholera- 
genoid,  the  natural  form  of  toxoided  (inactivated  but  immunogenic) 
cholera  toxin.   A  different  binding  site  is  therefore  suggested;  a 
ganglioslde  component  of  the  Intestinal  cell  may  be  the  binding  site 
for  cholera  toxin,  but  it  is  inactive  for  E.  coll  toxin.   The  effect 
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of  prostaglandin  substances  supports  the  concept  that  prostaglandins 
and  cholera  toxin  produce  diarrhea  by  a  common  effect  on  small  bowel 
mucosal  transport  of  Na+  and  C1-;  the  inhibition  of  NA+  entry  to  the 
cell  occurs  at  the  mucosal  border. 

AI-11416-02  -  S.  T.  Donta 

This  investigator  has  developed  a  unusual  in  vitro  assay  for  diarrhea- 
genie  enterotoxin  that  may  play  a  significant  role  in  studies  on  the 
pathogenesis  of  the  disease  and  on  development  of  effective  vaccine 
materials.   The  assay  is  based  on  the  use  of  adrenal  cells  in  tissue 
culture;  when  exposed  to  enterotoxin  the  adrenal  cells  undergo  maximal 
steroidogenesis  and  show  morphologic  changes  in  specific  response  to 
the  toxin.   Further  development  of  this  assay  also  shows  the  system  to 
be  very  sensitive  for  the  detection  of  minute  amounts  of  specific  anti- 
toxic antibody  in  human  sera. 

Leprosy 

An  experimental  animal  model  for  study  of  the  pathogenesis  of  leprosy 
has  been  the  goal  of  leprosy  research  for  many  years.   Recently  an  ex- 
citing model  has  been  uncovered  which  will  undoubtedly  play  a  signifi- 
cant role  in  future  studies  of  this  baffling  disease. 

AI-11620-01  -  C.  H.  Binford 

In  collaboration  with  Dr.  Eleanor  Storrs  and  other  scientists  at  Gulf 
South  Research  Institute,  this  investigator  has  helped  develop  the 
usefulness  of  the  nine-banded  armadillo  as  a  most  promising  animal 
model  for  study  of  leprosy.   This  animal,  native  to  the  southwestern 
United  States,  has  been  found  to  be  naturally  susceptible  to  severe 
infection  with  Mycobacterium  leprae.   The  severe  infection,  unlike  that 
in  other  animal  models  (rat  and  mouse)  occurs  after  inoculation  with 
human  leprosy  material  in  the  absence  of  any  immunosuppression.   This 
model  now  opens  the  way  for  exciting  studies  on  the  pathogenesis  of 
the  disease,  and  on  drug  therapy  or  immunologic  methods  for  treatment 
of  patients. 

Tuberculosis 

Development  of  more  effective  and  acceptable  therapy  for  the  treatment 
of  human  pulmonary  tuberculosis  is  still  required.   Although  the  disease 
is  considered  to  be  under  control,  in  the  United  States  in  1972,  33,000 
new  active  cases  occurred;  a  certain  per  cent  of  treated  casas  may  in 
time  develop  antibiotic-resistant  strains  of  the  tubercle  bf.cillus. 
Shortening  the  treatment  period  necessary  to  effect  bacillary  sterility 
of  the  pulmonary  lesions  is  a  major  goal  of  such  research. 
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AI-09478-04  -  L.  H.  Schmidt 

In  this  project  Dr.  Schmidt  has  been  using  sub-adult  rhesus  monkeys 
infected  with  virulent  tuberculosis  by  inhalation  challenge.   He  has 
found  that  combination  therapy  with  isoniazid  and  rifampin  gave  the 
best  therapeutic  results.   The  most  effective  were  doses  of  these  two 
drugs,  at  specific  concentrations  per  Kg.  of  body  weight,  given  daily 
for  four  months.   This  system  appeared  to  be  uniformly  effective  in 
sterilizing  the  lesions  in  lungs  and  regional  lymph  nodes.   No  renewal 
of  disease  activity  was  found  in  post-treatment  follow-up  studies. 
This  regimen  was  strikingly  superior  to  treatment  with  these  drugs 
given  singly,  and  could  therefore  have  a  significant  impact  on  treat- 
ment of  human  patients. 

Other  Disease  Areas 

Urinary  tract  infections  are  one  of  the  major  causes  of  morbidity  in  a 
large  segment  of  the  general  population,  accounting  for  large  economic 
losses  through  lost  wages  and  hospitalization  charges.   There  are  still 
many  puzzling  aspects  of  this  disease  entity  yet  to  be  clarified,  al- 
though new  information  is  becoming  available  which  may  lead  to  a  better 
understanding  of  this  problem. 

AI-10388-16  -  J  .  P.  Sanford 

A  distinction  between  bacterial  infection  of  the  bladder  and  of  the 
kidney  is  important  in  determining  the  prognosis  and  vigor  of  pursuit 
of  diagnostic  studies  and  therapeutic  measures.   This  study  has  resulted 
in  a  new  technique  which  enables  localization  of  the  site  of  urinary 
tract  infections  by  a  non-invasive  method.   It  was  demonstrated  that 
bacteria  in  urine  of  patients  with  upper  tract  infection  (renal  bacteri- 
uria)  were  coated  with  immunoglobulin  readily  detectable  by  fluorescent 
antibody  techniques.   Bacteria  in  urine  of  patients  with  infections  of 
the  bladder  were  not  coated  with  this  immunoglobulin.   The  distinction 
between  bladder  and  renal  bacteriuria  is  thus  readily  diagnosed;  the 
method  appears  feasible  and  safe  for  routine  use  in  diagnosis  of  urine 
with  significant  bacteriuria. 

AI-10668-03  -  W.  R.  Fair 

This  interesting  study  is  on  a  unique  prostatic  antibacterial  factor 
(PAF)  found  in  men,  to  determine  its  role  in  urinary  tract  infections. 
Significant  amounts  of  PAF  are  found  in  seminal  plasma  of  normal  men 
with  no  history  of  urinary  tract  infection.   A  marked  deficiency  of 
the  PAF  occurs  in  seminal  plasma  of  men  with  chronic  bacterial  prostat- 
itis.  It  was  also  found  that  PAF  from  rat,  human,  and  canine  prostate 
glands  was  identical,  so  that  PAF  is  not  species-related.   Attempts  are 
now  underway  to  purify  and  determine  the  chemical  composition  of  PAF. 
It  is  known  to  be  a  low  M.W.  compound,  containing  a  few  amino  acids 
attached  to  a  strongly-cationic  substance,  possibly  a  metal.   PAF 
appears  to  be  a  unique  substance  in  the  male  prostate  gland,  and  may 
possibly  occur  in  the  periurethral  glands  of  the  female  as  well.   This 
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is  indicated  by  significant  antibacterial  activity,  as  measured  by  PAF 
activity,  in  vaginal  washings  of  about  80%  of  normal  females. 

AI-09366-05  -  T.  A.  Stamey 

Urinary  tract  infections  in  women  are  extremely  common,  affecting  about 
10-20%  of  all  women  at  some  time  during  their  lives.   This  study  is  to 
determine  the  conditions  for  colonization  of  the  vaginal  vestibule  and 
its  relation  to  urinary  tract  infections.   Results  show  that  no  change 
in  IgA  or  IgG  antibody  levels  can  be  correlated  with  the  presence  of 
bacteria  or  change  in  colonization.   It  was  also  established  that  local 
vaginal  antibody  was  not  a  factor  in  determining  the  susceptibility  to 
urinary  tract  infections.   Vaginal  pH  is  apparently  a  major  factor  in 
colonization  by  the  more  common  0-serogroup  of  E^.  coli;  the  less  common 
serogroups  are  readily  killed  by  lower  pH  levels.   The  pH  defect  re- 
lates to  colonization  and  the  local  vaginal  antibody  types  are  not  sig- 
nificant factors  in  the  urinary  infection. 

Otitis 

Otitis  media  is  still  a  very  common  childhood  disease.  It  is  known  that 
about  30%  of  children  under  five  years  have  at  least  one  episode  yearly; 
by  six  and  one-half  years,  90%  of  children  have  experienced  this. 

AI-10838-02  -  V.  M.  Howie 

This  study  is  to  determine  the  secretory  and  humoral  response  to  otitis 
media  caused  by  Diplococcus  pneumoniae  or  Hemophilus  influenzae.   The  use 
of  purified  capsular  polysaccharides  from  these  two  microorganisms,  which 
cause  otitis  media,  are  presently  under  consideration  as  candidate  vaccines. 
It  becomes  important,  therefore,  to  understand  the  type  and  duration  of  the 
immune  response  to  natural  localized  infections  caused  by  these  bacteria. 
It  was  demonstrated  that  seven  tjrpes  of  pneumococcus  are  responsible  for 
about  70%  of  pneumococcal  otitis.   Specific  antibody  occurs  in  acute  serum 
and  middle  ear  fluid  (MEF) .   Specific  antibody  in  MEF  exclusively  is  found 
in  about  60%  of  patients;  this  antibody  is  identified  as  the  IgM  type. 
Anti-pneumococcal  antibody  of  the  IgE  class  was  also  found  in  acute  phase 
sera  of  patients.   These  data  suggest  that  the  secretory  immune  system  may 
be  activated  locally  to  produce  the  specific  antibody.   A  number  of  patients 
with  specific  antibody  to  MEF  showed  spontaneous  clearing  of  their  infec- 
tion, suggesting  an  immunologic  basis  for  the  host  management  of  pneumo- 
coccal otitis  media. 

Vaccine  Development  Studies 

AI-11094-02  -  R.  P.  Tewari 

Study  on  the  immunogenic  properties  of  ribosomal  RNA  from  Histoplasma 
capsulatum  are  being  conducted  in  efforts  to  develop  a  safe  and  effective 
vaccine.   The  results  show  that  purified  ribosomal  preparations  with  added 
adjuvant  protected  70-90%  of  immunized  mice;  animals  surviving  challenge 
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also  showed  the  absence  of  lung  lesions  and  had  negative  spleen  cultures. 
This  protection  reached  a  peak  about  three  or  four  weeks  post-immunization. 
RNAase  treatment  partly  weakened  the  ribosomal  vaccine,  as  did  a  combined 
treatment  with  pronase.   These  results  suggest  that  ribosomal  protein 
plays  an  important  role  in  protection  against  this  fungal  infection. 

AI-10449-03  -  W.  Johnson 
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This  intriguing  study  is  a  continuation  of  exploration  of  the  potentials 
of  purified  ribosomal  fractions  of  Salmonella  and  streptococcal  strains 
for  immunization.   A  purified  50  S  ribosome  fraction  from  S^.  typhimurlum 
showed  good  immunity  in  mice  to  challenge  with  a  group  B  Salmonella;  this 
immunity  lasted  for  six  months,  suggesting  that  it  is  group-specific. 
The  immunity  appears  to  be  mediated  by  a  cellular  response;  it  was  found 
that  lymphocytes,  but  not  serum  from  immune  donors,  were  capable  of 
passively  protecting  non- immune  recipients.   Ribosomal  preparations  from 
S^.  pyogenes,  with  no  detectable  carbohydrate  or  M  protein,  also  showed 
strong  immunizing  potential  in  mice  against  challenge  ranging  up  to 
1,000  LDcrv  of  S^'  pyogenes.   Enzjmiatic  degradation  of  the  ribosomal  pre- 
paration with  ribonuclease  or  trypsin  showed  a  decreased  survival  rate 
when  compared  to  controls  immunized  with  untreated  ribosomal  preparations. 

AI-01636-17  -  G.  P.  Youmans 

Purified  RNA  preparations  from  Mycobacteria  were  previously  reported  by 
this  investigator  to  have  a  very  strong  protective  effect  in  mice  against 
lethal  challenge  bj'  virulent  strains.   The  immunogenicity  of  the  myco- 
bacterial RNA  preparations  for  mice,  however,  was  markedly  inhibited  by 
certain  polybasic  amines,  e.g.,  protamine  and  neomycin.   These  compounds 
may  have  acted  by  masking  the  immunogenic  sites  on  the  mycobacterial  RNA 
structure.   Mice  immunized  with  mycobacterial  RNA  showed  no  evidence,  by 
the  very  sensitive  MIF  test,  of  tuberculin  hypersensitivity.   Dr.  Yoiimans 
has  also  found  that  the  mycobacterial  RNA  could  function  as  a  potent  ad- 
juvant to  other  agents  for  the  induction  of  the  primary  immune  response 
in  mice. 

Basic  Microbiological  Research 

A  bacterium  that  is  a  true  parasite  of  another  bacterial  species  has  been 
the  object  of  a  continuing  study  by  several  research  workers. 

AI-08715-02  -  D.  Abram 

Infection  of  the  common  intestinal  bacterium  E^.  coli  by  the  parasitic 
bacterium  Bdellovibrio  serves  as  an  interesting  model  for  study  of  common 
processes  related  to  membrane  biology.   Such  processes  as  cellular  pene- 
tration, cellular  recognition,  and  membrane  fusion  can  be  readily  studied 
by  this  unusual  host-parasite  system.   Dr.  Abram  has  found  that  the  bonds 
between  the  host  and  parasite  prior  to  penetration  are  electrostatic,  and 
that  parasite  motility  is  not  sufficient  to  initiate  host  infection. 
Shortly  after  the  initial  host-parasite  contact  the  two  different  cells 
can  no  longer  be  disassociated,  indicating  formation  of  a  very  strong 


29 


1 

^ 

!ii 

T 

u-  - 

n 

o 

tr> 

f 

> 

cs 

o 

^ 

H 

M 

< 

W 

73 


H 
I— I 
CO 


bond.   Electron  microscopic  study  shows  host  cells  which  suffer  a  dis- 
tinct, massive  cell  wall  damage  followed  by  protoplast  dispersion.   This 
is  more  pronounced  when  host  cell  penetration  is  prevented  after  the 
initial  contact  is  made. 
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Glomerulonephritis 

The  etiologic  and  pathenogenetic  events  responsible  for  human  glomerulo- 
nephritis are  far  from  being  well-defined.   Further  information  is  clearly 
needed  regarding  this  important  disease  problem.   It  is  hoped  that  event- 
ually the  information  will  make  less  imperative  the  need  for  renal  trans- 
plantation. 

AI-1033A-04  -  G.  A.  Andres 


Among  the  more  interesting  observations  by  this  investigator's  group 
is  the  finding  of  a  new  type  of  cytotoxic  renal  injury  produced  by 
autoantibodies  reacting  with  a  tubular  basement  membrane  of  the  kidney 
tubule.   This  lesion  has  been  observed  in  patients  with  kidney  trans- 
plants.  Pathologic  changes  show  that  humans  can  develop  autoantibody 
to  the  tubular  antigens  that  are  cytotoxic.   Attempts  to  control  this 
damage  by  pretreatment  of  the  kidney  transplant  prior  to  surgery,  with 
specific  antibody  fragments  or  with  citrate  perfusion,  were  unsuccess- 
ful.  Treatment  of  liver  failure  by  intermittent  liver  hemo-perfusion 
was  performed  on  patients  in  deep  liver  coma,  using  various  animal  or 
human  cadaver  livers.   Consciousness  was  restored  in  some  patients,  and 
two  patients  actually  survived  for  more  than  two  years  post-treatment. 

The  specific  and  quantitative  assay  for  antibiotics  in  vivo  or  in  bio- 
logical material  has  been  a  problem  of  considerable  importance.   Further 
therapy  of  a  patient  is  dependent  on  the  results  of  such  assays  to 
maximize  the  benefits  obtainable  from  a  given  antibiotic. 

AI-10741-03  -  P.  S.  Lietman 


This  investigator  has  developed  assays 
enzymatic  (acetylation)  modification  of 
factor  mediated  enzyme.   A  previous  ass 
now  Dr.  Lietman  reports  on  a  new  assay 
can  be  carefully  quantitated,  with  deve 
as  little  as  1-50  meg. /ml.  using  only  0 
Specificity  of  the  assay  is  excellent, 
the  presence  of  biological  fluids  —  ur 
free  and  protein-bound  chloramphenicol 
exceedingly  useful  and  is  now  used  rout 


for  some  antibiotics,  based  on 

the  drug  catalyzed  by  an  R- 
ay  was  developed  for  gentamicin; 
for  chloramphenicol.   This  assay 
lopment  of  standard  curves  for 
.01  ml.  of  biological  sample, 
and  no  interference  is  found  in 
ine,  bile,  CSF,  or  plr.sma.   Both 
are  measured.   The  new  assay  is 
inely  in  clinical  laboratories. 
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C.   BIOCHEMISTRY  AND  PHYSIOLOGY 

The  approximate  level  of  support  given  Biochemistry  and  Physiology; 
Type  of  Grant  Number     Amount 


Research  grants 
Training  grants 
Fellowships 


341 

8 

21 


$16,344,522 
329,462 
436,447 
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Summary 

This  branch  continues  its  interest  in  basic  and  fundamental  research 
problems  which  support  the  disease-related  activities  of  the  other 
branches.   In  pursuit  of  this,  the  branch  receives  and  attempts  to 
synchronize  and  orchestrate  extremely  divergent,  but  relevant,  research 
grants  from  areas  ranging  from  medicinal  chemistry  to  molecular  biology. 
Material  from  approximately  25  study  sections  is  involved.   Examples  of 
research  experiments  follow. 

General 


B^sf-m 

<  o 

§ 

AI-10806-01  -  D.  J.  Tipper 

Initial  studies  of  an  antifungal  agent,  thiolutin,  are  described.   The 
sulfur-containing  antibiotic,  thiolutin,  has  been  shown  to  be  a  potent, 
reversible  inhibitor  of  the  growth  of  the  non-pathogenic  yeast, 
Saccharomyces  cerevisiae;  viability  was  unaffected  over  the  concentration 
range  of  4  to  100  Ug/ml.   At  concentrations  as  low  as  2  yg/ml,  the  drug 
inhibited  ribonucleic  acid  (RNA)  and  protein  synthesis  in  whole  cells  and 
spheroplasts.   At  these  low  concentrations,  protein  synthesis  continued 
for  a  short  period  of  time  after  RNA  synthesis  was  completely  stopped. 
With  higher  drug  concentrations  (greater  than  20  yg/ml)  protein  synthesis 
was  inhibited;  concentrations  of  thiolutin  up  to  100  yg/ml  did  not  affect 
translocation  or  peptide  bond  formation  in  cell-free  protein-synthesizing 
systems  from  yeast.   The  effect  of  thiolutin  on  the  activity  of  partially 
purified  dioxyribonucleic  acid-dependent  RNA  pol3nnerases  was  examined, 
and  the  drug  was  found  to  be  a  potent  inhibitor  of  RNA  synthesis  in  vitro. 
Inhibition  was  greatest  when  the  polymerase  was  preincubated  with  thio- 
lutin.  Several  mechanisms  are  discussed  to  explain  the  multiple  effects 
of  thiolutin  on  S_.    cerevisiae.   Since  the  action  of  the  drug  is  easily 
reversed,  thiolutin  may  prove  to  be  of  use  in  studies  of  various  stages 
of  yeast  growth  which  may  have  ultimate  application  to  pathogenic  agents 
in  this  group. 

AI-02095-16  -  C.  P.  Schaffner 

The  chemistry  of  the  novel  hexaene  macrolide  antifungal  antibiotic,  medio- 
cidin,  produced  by  Streptomyces  medlocidicus  has  been  under  continued 
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investigation.   The  production  of  this  antibiotic  substance  in  the 
pilot  plant  represents  the  only  world-wide  source  of  this  unique 
material. 

Initial  purification  studies  Involving  thin  layer  and  column  chroma- 
tography as  well  as  countercurrent  distribution  liquid-liquid  parti- 
tion studies  have  revealed  the  presence  of  three  major  hexaene  macro- 
lide  components.   Comparative  physical  and  chemical  determinations 
have  indicated  that  all  three  components  are  structurally  closely 
related. 

The  approximated  molecular  weight  of  the  raediocidins  is  1447.   They 
possess  a  single  carboxyl  and  two  nitrogen-containing  groups.   The 
fragment,  dimethyl-2-methyl  dodecanedioate,  has  been  isolated  after 
esterif ication  of  an  oxidation  product  obtained  from  the  perhydro- 
mediocidins. 

It  is  suggested  that  the  macrocyclic  ring  of  the  mediocidin  components 
contains  two  polyenic  chromophores  -  the  obvious  hexaene  and  a  tetraene. 
This  is  consistent  with  evidence  obtained  with  ultraviolet  spectroscopy, 
quantitative  hydrogenation,  oxidation,  and  gas  chromatography. 

The  mediocidin  complex  is  a  potent  antimicrobial  substance  with  many 
interesting  biological  properties.   Several  different  biological 
studies  with  this  antibiotic  are  currently  in  progress. 

AI-02353-16  -  W.  Catlin 

A  chemically  defined  medium  was  developed  that  supports  growth  of  vari- 
ous strains  of  Neisseria  recently  isolated  from  clinical  material. 
Quantitative  tests  were  made  of  seven  strains  of  Neisseria  gonorrhoeae 
cultivated  in  the  def ined-fluid  medium.   When  inoculated  at  concentra- 
tions of  2  X  10  -  6  X  10  cfu/ml,  the  gonococci  multiplied  with  generation 
times  >_  60  min,  yielding  about  5  X  10  cfu/ml  within  10  hr  and  more  than 
10  cfu/ml  by  24  hr.   Defined  agar  media  were  used  for  investigation  of  the 
growth  requirements  of  146  strains  of  N.  gonorrhoeae.  Neisseria  meningi- 
tidis, and  Neisseria  lactamica.   Each  species  has  a  distinctive  nutri- 
tional profile  that  serves  to  differentiate  and  identify  it.   On  a  series 
of  defined  media  lacking  different  groups  of  compounds,  the  meningococci 
were  relatively  homogeneous  in  their  growth  responses  and  were  more  com- 
petent biosynthetically  than  strains  of  the  other  species.   Gonococci 
exhibited  a  diversity  of  nutritional  requirements;  74  strains  were  sub- 
divided into  13  distinct  clusters  (auxotypes)  on  the  basis  of  their  pat- 
terns of  growth  responses  to  thiamine  pyrophosphate,  thiamine,  proline, 
arglnlne,  methionine,  isoleucine,  and  hypoxanthine.   Such  results  demon- 
strate the  feasibility  of  developing  a  system  for  auxotyping  of  clinical 
Isolates  of  N.  gonorrhoeae. 
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Program  Areas 

(1)  Mechanism  of  Resistance  to  Antimicrobial  Agents. 

During  the  past  ten  years,  the  importance  to  health  problems  of  micro- 
bial resistance  to  therapeutic  agents  has  become  increasingly  apparent. 
The  relevance  of  this  phenomenon  to  other  interests  of  this  Institute, 
such  as  hospital-acquired  infections  of  staphylococcal  origin  and  in- 
vestigations of  the  gonococcus  is  obvious.   At  this  point,  there  is 
substantial  clinical  and  epidemiological  evidence  that  development  of 
this  resistance,  and  especially  plasmld  (extrachromosomal)  mediated 
drug  resistance,  represents  a  major  problem  in  medical  care.   Since 
most  of  the  projects  dealing  with  the  development  of  drug  resistance 
are  of  a  basic  nature  and  have  been  concerned  with  defining  the 
molecular  and  biochemical  basis  for  resistance,  the  Special  Emphasis 
program  in  this  area  has  been  transferred  from  the  Bacterial  and 
Mycotic  Diseases  Branch  to  the  Biochemistry  and  Physiology  Branch, 
and  renamed. 

The  principal  goal  of  this  Special  Emphasis  program  is  to  elucidate 
fundamental  biological  mechanisms  involved  in  the  development  of  drug 
resistance  in  microorganisms  and  to  increase  our  basic  understanding 
of  this  phenomenon.   Specific  goals  of  this  Special  Emphasis  program 
involve  investigation  of  the  origin,  development,  evolution,  expression 
and  mechanism  of  drug  resistance  in  a  variety  of  specific  microorganisms. 
Examples  of  microorganisms  of  particular  interest  are  (but  not  limited 
to):   species  of  gram-negative  organisms  and  the  enterobacteriaceae, 
staphylococci.  Neisseria  gonorrhoeae,  pathogenic  fungi,  and  the  myco- 
bacteria. 

Projects  of  special  interest  to  this  program  are  included  in  one  or  more 
of  the  following  major  categories:   1)  genetic  characteristics,  ecology, 
pathology,  and  epidemiological  interrelationships  of  R  factors  and  other 
drug  resistance  plasmids.   2)  structural  and  molecular  characteristics 
of  drug  resistance  plasmids.   3)  origin,  development,  and  evolution  of 
drug  resistance  in  microorganisms.   4)  replication  and  conjugal  transfer 
of  plasmids.   5)  control  of  genetic  expression  of  drug  resistance.   6) 
mechanisms  of  antibiotic  inactivation.   7)  molecular  basis  of  plasmid 
and  bacteriophage  control  of  toxin  production. 

Examples  of  research  progress  during  the  fiscal  year  follow. 

AI-11297-02  -  K.  Takayama 

This  investigator  has  continued  his  studies  on  the  mechanism  of  action 
of  isoniazid  (INH)  on  the  tubercle  bacillus.   Current  results  indicate 
that  the  compound  does  not  inhibit  protein  synthesis,  but  probably  acts 
directly  on  an  enzyme  system  consisting  of  mycolate  synthetase  (MS) . 
It  may  be  that  the  INH  inhibition  of  MS  activity  is  the  primary  mode 
of  action  of  the  drug.   If  this  is  the  case,  then  the  various  character- 
istics of  INH  inhibition  of  MS  activity  on  M.  tuberculosis  that  have 
now  been  elucidated  should  become  useful  in  devising  more  effective 
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means  (with  respect  to  dosage  and  treatment  time)  of  treating  the 
disease,  tuberculosis,  as  well  as  rationalizing  the  drug's  effectiveness 
(or  lack  of  it)  in  specific  cases. 

When  the  mode  of  action  of  INH  becomes  known,  other  drugs  with  similar 
actions  may  be  developed  to  cope  with  the  disease,  especially  when  deal- 
ing with  the  INH  resistant  atypical  mycobacterial  infections  (assuming 
resistance  is  related  only  to  lack  of  drug  uptake) . 

These  studies  may  eventually  lead  to  the  elucidation  of  the  pathway  for 
mycolic  acid  synthesis  (a  very  important  and  predominant  fatty  acid 
component  of  mycobacteria) . 

AI-106A6-02  -  F.  Sparling 

A  positive  correlation  was  found  between  sensitivities  of  147  random 
clinical  isolates  of  Neisseria  gonorrhoeae  to  all  possible  pairs  of  the 
drugs  penicillin,  tetracycline,  erythromycin,  chloramphenicol,  acridine 
orange,  and  ethidium  bromide.   High-level  resistance  to  streptomycin  was 
also  positively  correlated  with  increased  resistance  to  some  of  these 
drugs.   This  suggested  that  multiply-resistant  strains  are  not  exclusively 
the  result  of  selection  of  independent  mutants  for  resistance  to  each  drug 
and  that  there  may  be  a  common  mechanism  for  resistance  to  some  or  all  of 
these  drugs.   This  hypothesis  was  supported  by  the  demonstration  that  low- 
level  resistance  to  a  large  group  of  drugs  (penicillin,  tetracycline, 
erythromycin,  chloramphenicol,  rifampin,  ethidium  bromide,  and  acridine 
orange)  could  be  lost  as  well  as  restored  by  a  single  mutational  event  in 
vitro. 


AI-08619-07  -  S.  Cohen 

Dr.  Cohen  has  evolved  a 
E^.  coli  which  offers  a 
from  various  sources,  p 
termini  made  by  a  restr 
segment  at  the  cleavage 
of  genes  essential  for 
clone  specific  fragment 
cells  provides  a  potent 
and  function  of  eukaryo 
method  for  study  of  the 


procedure  for  insertion  of  eukaryotic  genes  into 
general  approach  for  the  cloning  of  DNA  molecules 
rovided  that  both  molecular  species  have  cohesive 
iction  endonuclease,  and  that  insertion  of  a  DNA 

of  the  plasmid  does  not  interfere  with  expression 
its  replication  and  selection.   The  ability  to 
s  of  DNA  from  the  complex  genome  in  prokaryotic 
ially  valuable  tool  for  the  study  of  organization 
tic  genomes.   It  also  provides  a  highly  sensitive 

molecular  structure  of  bacterial  plasmids. 


In  addition  to  the  above,  other  investigations  carried  out  concern  the 
genetics,  structure,  and  biochemical  properties  of  an  R  factor  system 
consisting  of  a  conjugally  proficient  transfer  plasmid  and  a  naturally 
occurring  non-conjugative  plasmid.   Despite  their  apparently  widespread 
occurrence,  relatively  little  had  been  published  previously  about  the 
structural  characteristics  of  the  transfer  and  resistance  determinant 
components  of  this  type  of  R  factor  system.   The  plasmid  transformation 
procedure  developed  was  shown  to  be  useful  in  specifically  investigating 
the  biological  properties  of  discrete  molecular  species  of  plasmid  DNA 
that  are  separable  jji  vitro  by  sucrose  gradient  centrifugation,  or  by 
other  fractionation  procedures.   In  addition,  transformation  was  shown 
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in  these  studies  to  be  an  effective  means  of  inserting  a  non-self- 
transmissible  plasmid  into  E^.  coli  minicells,  free  from  a  transfer  unit. 
The  induction  of  tetracycline  resistance  carried  by  a  small  non-conju- 
gative  plasmid  was  studied  in  minicells  and  specific  and  reproducible 
changes  in  polypeptide  synthesis  patterns  were  demonstrated  by  poly- 
acrylamide  gel  techniques  in  response  to  antibiotic  exposure. 

AI-11456-01  -  R.  Curtiss 

During  the  past  year,  the  mechanism  by  which  the  drugs  rifampicin, chlor- 
amphenicol and  nalidixic  acid  block  the  conjugal  replication  and  transfer 
of  plasmid  DNA  has  been  determined.   In  other  studies  he  has  isolated  and 
begun  a  preliminary  characterization  of  numerous  mutants  that  specifically 
effect  either  donor  or  recipient  ability  and  other  mutants  that  effect 
regulation  of  vegetative  plasmid  replication.   Hopefully  these  studies  on 
transmission  and  function  of  plasmids  that  confer  drug  resistance  will 
help  in  developing  methods  to  curtail  the  spread  of  drug-resistance 
plasmids  to  pathogenic  or  potentially  pathogenic  microbes.   Preliminary 
results  in  producing  antibodies  against  plasmid-specif ied  gene  products 
afford  a  true  opportunity  to  determine  whether  protective  immunization 
against  plasmid-specified  gene  products  might  not  be  a  way  to  curtail 
problems  due  to  infections  with  drug-resistant  microorganisms.   In 
addition,  it  is  possible  that  these  studies  will  lead  to  more  rapid 
methods  for  the  identification  of  microorganisms  that  contain  drug-in- 
activating enzymes. 

(2)   Antiviral  Substances 

a)  Interferon 

b)  Bacteriophage 

c)  Basic  antiviral  virology  .   ^ 

One  of  these,  interferon,  is  accorded  special  emphasis  and  currently 
this  is  not  given  special  advantage  in  the  competition  for  funds.   It 
is  recommended  that  grants  including  research  on  the  structure  of  this 
substance  and  its  mechanism  of  action  at  the  molecular  level  should  be 
given  funding  advantage  at  this  point  in  time. 

Only  when  the  structure  of  interferon  has  been  ascertained  can  meaning- 
ful attempts  at  synthesis  be  launched.   Increased  investigation  of  the 
molecular  mechanism  of  action  of  interferon  will  lead,  in  turn,  to  a 
greater  understanding  of  its  mode  of  action  against  viruses.   At  this 
point  very  little  is  known  about  this  and  further  research  should  be 
encouraged. 

Research  progress  in  this  important  program  includes  the  following. 

AI-09238-05  -  W.  B.  Wood 

Although  assembly  of  subcellular  structures  of  bacteriophage  is  an 
important  aspect  of  growth  and  development,  little  is  known  about 
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the  mechanisms  or  the  genetic  control  of  morphogenesis  at  this  level 
in  bacteriophage.   Dr.  Wood's  studies  are  providing  insight  into  these 
mechanism.s.   Bacteriophage  T4  assemply  appears  to  share  some  features 
of  morphogenesis  in  higher  organisms,  in  that  neither  can  be  explained 
entirely  by  simple  self-assembly  of  structural  components.   The  finding 
that  phage  non-structural  proteins  and  host  cell  factors  are  required 
for  assembly  provides  one  of  the  first  opportunities  to  investigate 
sophisticated  mechanisms  of  morphogenesis  in  an  experimentally  favorable 
model  system. 

At  this  stage,  the  health-related  implications  of  this  work  must  be 
stated  in  general  terms.   Control  of  abnormal  or  deleterious  growth, 
as  in  viral  infection,  will  be  aided  by  knowledge  of  the  mechanisms  by 
which  growth  normally  occurs.   More  specifically,  the  studies  on  host- 
defective  bacterial  mutants  promise  to  provide  insight  into  aspects  of 
the  virus-host  relationship  connected  with  viral  muturation  that  are 
now  poorly  understood. 

AI-109A7-03  -  A.  Kaplan 

It  has  been  discovered  that  some  of  the  glycoproteins  synthesized  by 
herpes  virus-infected  cells  contain  covalently  bound  sulfate.   Unlike 
the  ester  bound  sulfate  incorporated  into  cell-specific  mucopolysacchar- 
ides, the  sulfated  glycoprotein  synthesized  by  pseudorabies  virus  is 
completely  resistant  to  the  action  of  chondroitinase  ABC.   By  means  of 
proteolytic  digestion  studies,  it  was  found  that  the  sulfate  is  not 
incorporated  into  the  same  carbohydrate  chain  into  which  the  aminosugar 
glucosamine  (and  consequently  galatosame  as  well)  is  incorporated.   It 
thus  appears  that  pseudorabies  virus  synthesizes  a  novel  mucopolysac- 
charide of  a  type  not  present  in  uninfected  cells.   This  idea  is  supported 
by  the  observation  that  crude  pronase  preparations  apparently  contain  a 
hydrolase  which  degrades  the  sulfate  containing  the  segment  of  the  virus- 
specific  mucopolysaccharide  to  a  small  dialyzable  fragment,  a  property 
which  further  differentiates  the  virus-specific  mucopolysaccharide  from 
those  synthesized  by  the  host  cell.   The  nature  of  the  moiety  to  which 
the  sulfate  is  covalently  bound  is  now  under  investigation. 

The  above  findings  suggest  the  possibility  that  the  herpes  virus  genome 
can  code  for  certain  glycosyl  transferases  and  perhaps  a  sulfo-trans- 
f erase  as  well.   It  is  likely  that  these  transferases  have  properties 
which  are  quite  different  from  host  transferases,  suggesting  the 
possibility  that  highly  specific,  chemotherapeutically  active  in- 
hibitors of  the  viral  functions  could  be  designed. 

AI-10096-03  -  C.  Colby 

The  role  of  the  cell  nucleus  in  mediating  the  interferon- induced  anti- 
viral state  of  chick  embryo  fibroblast  cytoplasms  has  been  examined  by 
means  of  autoradiographic  detection  of  virus-specific  nucleic  acid 
synthesis.   Treatment  with  homologous  or  heterologous  interferon  was 
carried  out  prior  to  or  subsequent  to  enucleation.   Enucleated  cyto- 
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plasms  were  prepared  by  centrifugation  In  the  presence  of  cytochalasin 
B  (CB) :   physical  enucleation  using  CB  eliminates  the  necessity,  with 
attendant  uncertainties,  for  using  actinomycin  D  as  an  effector  of 
chemical  enucleation  during  infection.   Infection  by  the  cytoplasmically 
replicating  viruses,  vesicular  stomatitis  virus  and  vaccinia  virus,  ac- 
companied by  autoradiographic  detection  of  the  acid-insoluble  incorpor- 
ation of  tritiated  nucleotides  has  enabled  comparison  of  the  activities 
of  the  two  virion-associated  RNA  polymerases  and  of  the  vaccinia  DNA 
polymerase  in  these  cytoplasms.   The  data  obtained  indicate  the  neces- 
sity for  cellular  nuclear  products  in  effecting  interferon-induced 
antiviral  responses. 

AI-05629-11  -  T.  Merigan 

Antigen-stimulated  lymphocyte  transformation,  as  measured  by  H-thymi- 
dine  incorporation,  and  interferon  production  were  studied  serially  in 
humans  after  Herpes  virus  hominis  (HSV)  disease.   Lymphocytes  were  iso- 
lated by  filtration  through  a  nylon  fiber  column  and  added  to  isologous 
macrophage  cultures  prepared  1  week  previously.  Macrophage-lymphocyte 
interaction  was  required  for  optimum  interferon  production.   A  selec- 
tive increase  in  interferon  production  was  associated  with  disease  occur- 
rence in  some  individuals.   The  increase  in  interferon  production  by 
lymphocytes  was  maximum  between  2  and  6  weeks  after  disease.   In  con- 
trast, lymphocyte  transformation  and  serum  antibody  levels  were  simi- 
lar throughout  a  12-week  period  after  disease  and  appeared  to  reflect 
prior  immune  status  rather  than  acute  infection.   Some  subjects  with 
HSV  disease  failed  to  produce  a  detectable  interferon  response  within 
the  2-  to  6-week  period  after  disease.   In  these  individuals,  lesion 
recurrence  was  more  frequent  when  compared  to  subjects  producing  greater 
quantities  of  interferon  after  disease. 

AI-11112-08  -  R.  Wagner 
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This  investigator  has  conducted  studies  on  the  vesicular  stomatitis 
virus  which  will  lead  to  a  better  definition  of  host  resistance  to 
viral  infection  and  may  well  pave  the  way  to  a  rational  approach  to 
viral  and  tumor  therapy  and  prophylaxis . 

He  has  discovered  that  VS  virus  is  synthesized  in  two  cellular  com- 
partments:  the  cytoplasm  and  the  plasma  membrane.   The  nucleocapsid 
is  made  in  the  cytoplasm  and  the  envelope,  including  the  spikes,  are 
made  at  the  plasma  membrane.   These  two  separate  components  are  then 
assempled  to  make  progeny  virions. 

He  has  identified  the  VS  virion  transcriptase  as  the  nucleocapsid  L 
protein.   He  can  dissociate  and  reassemble  the  nucleocapsid  template 
with  its  enzyme,  thus  restoring  the  capacity  to  synthesize  comple- 
mentary RNA  in  vitro.   These  studies  will  enable  him  to  dissect  the 
events  which  control  VS  viral  transcription. 
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He  has  also  identified  the  lesion  in  group  I  VS  virus  RNA~  mutants 
as  being  in  the  transcriptase  and  not  the  template.   Preliminary 
evidence  suggests  that  the  lesion  in  group  IV  RNA~  mutants  is  in  the 
template.   Reconstitution  experiments  should  enable  him  to  understand 
completely  the  genetic  controls  of  VS  virus  RNA  synthesis. 

Isolation  and  partial  purification  of  the  protein  kinase  of  VS  virus 
has  been  accomplished.   This  enzyme  is  located  in  the  envelope  and 
phosphorylates  the  NS  protein.   This  finding  provides  him  with  a 
powerful  probe  to  study  the  function  of  the  NS  protein,  which  Is  pro- 
bably involved  in  the  fidelity  of  viral  transcription  and,  possibly, 
in  replication. 

He  is  making  progress  in  characterizing  the  glycoprotein  and  glycolipid 
of  the  VS  virus  envelope.   These  represent  two  important  antigenic  deter- 
minants that  relate  to  immunity  and  to  cellular  antigenic  markers. 

Much  of  what  he  has  set  out  to  do  has  been  accomplished.   He  is  now  in 
an  excellent  position  to  capitalize  on  his  discoveries  to  provide  a 
complete  analysis  of  an  important  class  of  viruses. 

Awards  To  Grantees 

AI-11636-01  -  S.  Cohen 

Beginning  in  1945  the  Passano  Foundation  has  each  year  presented  an  award 
to  a  person  or  persons  who  made  an  outstanding  contribution  to  the  advance- 
ment of  medical  science  and  whose  associated  work  was  done  in  the  United 
States.   The  Directors  give  prime  consideration  to  work  that  has  immediate 
clinical  value,  or  that  gives  promise  of  practical  application  in  the  near 
future.   This  year  the  award  will  be  made  to  one  of  our  grantees. 
Dr.  Seymour  S.  Cohen,  who  is  one  of  the  founders  of  biochemical  virology. 
His  pioneering  studies  of  viral  nucleic  acid  synthesis  and  especially  his 
fundamental  discovery  of  new  enzymes  in  virus-infected  cells  provided  a 
conceptual  framework  which  profoundly  influenced  subsequent  research  on 
virus  development  and  virus-cell  interactions.   As  investigations  of  the 
pathogenesis  of  viral  disease  reach  the  molecular  level,  more  attention 
is  being  focused  on  the  critical  role  of  viral  enzymes  and  on  the  possi- 
bility of  inhibiting  their  function  as  an  approach  to  chemotherapy. 
Dr.  Cohen's  basic  discoveries  are  thus  likely  to  have  increasing  Import 
in  understanding  and  controlling  viral  disease. 

AI-11839-01  -  J.  R.  Kates 

Joseph  R.  Kates  (age  33),  Professor  of  Microbiology  and  Chairman  of 
the  Department  of  Microbiology,  Health  Sciences  Center,  State  Uni- 
versity of  New  York,  Stony  Brook,  is  the  1974  recipient  of  the  Eli 
Lilly  and  Company  Award  in  Microbiology  and  Immunology. 
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Dr.  Kates'  contribution  to  science  would  be  outstanding  for  a  person 
of  any  age.   In  describing  his  contributions,  two  lines  of  experimen- 
tation in  particular  have  had  great  impact  in  terms  of  influence  upon 
research  in  the  field  of  molecular  biology  of  gene  expression  in  ani- 
mal viruses  and  eukaryotic  cells.   His  most  outstanding  observation 
was  the  finding  of  a  transcriptase  (DNA-dependent  RNA  poljmierase)  as 
an  integral  part  of  the  poxvirus  virion.   The  ability  of  this  enzyme 
to  function  utilizing  a  DNA  template  which  was  fully  encapsidated  within 
a  viral  protein  coat  was  a  "bubble-burster"  to  those  who  thought  that 
DNA  which  was  packaged  in  protein  was  "by  definition"  inactive.   This 
finding  also  solved  a  dilemma  concerning  a  requirement  for  gene  expres- 
sion in  the  uncoating  of  poxviruses.   Since  the  initial  finding  of  a 
transcriptase  in  vaccinia,  many  reports  have  appeared  in  the  literature 
concerning  the  occurrence  of  various  types  of  polymerases  present  in 
the  virion  of  a  variety  of  animal  viruses.   Probably  most  exciting 
among  these  reports  were  those  by  Howard  Temin  and  David  Baltimore, 
demonstrating  the  existence  of  a  reverse  transcriptase  in  the  virions 
of  the  RNA  timor  viruses.   Dr.  Kates'  work  has  continued  on  poxvirus 
virion  RNA  synthesis.   He  has  demonstrated  that  newly  synthesized  RNA 
chains  are  extruded  from  the  varion  by  a  mechanism  which  requires  ATP 
and  is  not  dependent  on  the  continuation  of  the  RNA  synthetic  reaction. 
Such  a  mechanism  of  transporting  the  RNA  out  of  the  particle  may  well 
be  a  general  one  among  viruses  and,  of  greater  interest,  may  even 
account  for  transport  of  RNA  away  from  the  chromatin  and  out  of  the 
nucleus  of  eukaryotic  cells. 

Also  emanating  from  some  of  these  studies  with  the  poxviruses  was  the 
realization  that  messenger  RNA  contains  a  rather  large  sequence  of 
adenine  residues.   Previous  to  this  work,  it  had  been  known  for  a  num- 
ber of  years  that  poly  A  occurred  in  certain  animal  tissues,  and  that 
enzymes  existed  which  could  synthesize  poly  A  from  ATP.   However,  the 
earlier  workers  in  this  field  did  not  believe  that  the  poly  A  was  part 
of  any  other  RNA  in  the  cell.   Dr.  Kates'  work  with  vaccinia,  and  more 
recently  with  HeLa  cells,  has  unambiguously  demonstrated  that  poly  A 
is  attached  covalently  to  many  of  the  transcripts  of  cellular  and  viral 
genomes.   In  addition  to  poly  A  sequences.  Dr.  Kates  has  discovered  the 
existence  of  guanine-rich  sequences  in  the  RNA  of  animal  cells.   These 
findings  have  led  to  a  tremendous  interest  in  the  occurrence  and  role 
of  these  sequences  in  RNA. 

A  less  well  known  but  perhaps  equally  exciting  portion  of  the  research 
of  Dr.  Kates'  group  is  the  study  of  the  structure  and  function  of  viral 
genomes  which  have  been  isolated  from  infected  cells  as  DNA-protein  com- 
plexes.  He  believes  that  further  studies  of  these  entitles  will  increase 
the  understanding  of  the  active  state  of  the  viral  genome  in  the  host 
cell.   In  addition,  these  entities  represent  a  simple  model  for  chro- 
matin. 
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D.   PARASITOLOGY  AND  MEDICAL  ENTOMOLOGY 

The  approximate  level  of  support  provided  for  parasitology  and  medical 
entomology  in  FY  ' 74 : 


Type  of  Grant 

Research  grants 
Training  grants 
Fellowships 


Number 


Amount 


169^1^   $6,702,000^1^(2) 
21        903,000 
14        232,000^3) 


The  research  grants  were  divided  among  the  major  groups  of  parasites  as 
follows: 


Parasite  Group 

Protozoa 

Helminths 

Arthropods 


Number 

44 
68 
57 


Amount 

1,639,000 
2,748,000 
2,315,000 


The  specific  diseases  supported  most  heavily  by  the  research  grants  in  this 
program  are:   schistosomiasis  ($1,182,000),  malaria  ($528,000),  filariasis 
($343,000),  leishmaniasis  ($288,000),  and  toxoplasmosis  ($253,000). 
Because  of  their  importance  as  transmitters  of  diseases  (such  as  malaria, 
filariasis  and  many  viral  diseases)  and  as  serious  human  pests,  more  funds 
(approximately  $1,413,000)  are  being  expended  this  year  on  research  on 
mosquitoes  than  on  any  other  group  of  parasites. 

Special  Emphasis  Areas: 

Nearly  one-half  of  the  projects  and  of  the  amount  expended  continue  to  be 
assigned  to  the  two  Special  Emphasis  Areas:   "Biological  Regulation  of 
Vectors"  and  "Immunity  of  Animal  Parasites."  Detailed  analyses  have  been 
made  of  budget  data  and  areas  of  emphases  of  the  projects  in  these  Special 
Emphasis  Areas  for  use  (along  with  other  pertinent  information  being  accumu- 
lated) in  the  forthcoming  evaluation  of  these  two  programs.   An  ad  hoc  panel 
has  been  selected  for  the  evaluation  of  the  BRV  program  on  June  17  and  18, 
1974,  and  tentative  plans  provide  for  evaluation  of  the  lAP  program  in 
October,  1974.   Innovations  are  being  made  in  these  evaluations  in  an  effort 
to  improve  on  the  evaluation  of  programs  of  this  type. 


(1)  Includes  projects  awarded  (6)  and  funds  paid  ($215,719,  T.D.C.  —  for  new 
awards  and  restoration  of  budget  cuts)  from  FY  '73  Impounded  Funds. 
Number  of  projects  also  includes  7  active  (Type  5)  projects  for  which 
FY  '74  funds  had  been  recommended  but  which  have  had  current  budget  period 
extended  at  request  of  P.I.  with  result  that  no  wards  will  be  made  from 
FY  '74  funds. 


(2)  Amount  is  based  on  T.D.C.  for  awards  made  or  being  processed  as  of 
April  29,  1974,  ($4,759,775)  and  estimated  average  of  40%  T.D.C.  for 
Indirect  Costs. 


(3)  Includes  7  Career  Awards. 


40 


(A)  Biological  Regulation  of  Vectors: 

Recent  findings  of  Reeves  and  his  colleagues  (AI-03028-15)  illustrate  two 
important  features  of  our  Extramural  Program:   (a)  the  essential  unity  of 
the  program  regardless  of  the  assignment  of  projects  for  program  adminis- 
tration and  (b)  the  fact  that  under  our  present  procedures  not  all  work 
in  Special  Emphasis  Areas  is  formally  classified  and  identified  with  the 
appropriate  area.   This  very  productive  project  entitled  "Ecology  and  Con- 
trol of  Arboviruses"  is  comprise  of  several  sub-projects  most  of  which  focus 
primarily  on  various  aspects  of  ecology  of  the  arboviruses  and  thus  is 
appropriately  assigned  to  the  Viral  and  Richettsial  Diseases  Branch. 
Some  elements  of  the  project  however  fall  within  the  scope  of  vector- 
pathogen  interactions  and  problems  of  vector  control  usually  assigned 
to  the  Parasitology  and  Medical  Entomology  Branch.   This  emphasizes 
the  importance  of  full  staff  cooperation  in  achieving  success  in  the 
analysis,  planning  and  evaluation  of  programs. 

The  problem  of  identifying  and  classifying  all  appropriate  project 
and  sub-project  activities  in  such  important  categories  as  "Special 
Emphasis  Areas"  is  specifically  illustrated  by  developments  in  this 
project.   These  investigators  have  recently  demonstrated  the  occurrence 
of  two  insect  viruses  in  males,  females,  larvae  and  pupae  of  a  colony 
of  Culex  tarsalis  —  suggesting  transovarian  transmission.   These  viruses 
apparently  cause  degeneration  of  the  salivary  glands  of  the  mosquito  and 
thus  could  interfere  with  mosquitoes  serving  as  vectors  for  arboviruses. 
Studies  to  confirm  transovarian  passage  and  the  interference  with  virus 
transmission  are  underway.   If  interference  with  vector  competence  can 
be  demonstrated,  studies  will  be  undertaken  to  elucidate  the  mechanism 
of  interference  and  to  determine  how  these  microorganisms  can  be  intro- 
duced effectively  into  field  populations  of  vector  mosquitoes.   Such  a 
system  of  biological  control  would  have  the  advantage  of  leaving  the 
mosquito's  ecological  niche  occupied  by  a  population  of  incompetent 
vectors  rather  than  eliminating  the  mosquito  and  running  the  risk  of 
having  its  niche  filled  by  another  disease  vector. 

Consideration  should  be  given  to  identifying  significant  sub-project 
activity  in  the  Special  Emphasis  Areas  for  maintaining  a  correct  inventory 
of  all  appropriate  work  supported  in  these  areas  of  high  program  relevance. 

Recent  developments  in  arbovirology  (spread  of  dengue  2  virus  to  a  number 
of  the  Pacific  Islands  and  the  potential  for  spread  to  many  other  coun- 
tries, epidemics  of  "hemorrhagic  dengue"  —  the  specific  etiology  of  which 
is  still  uncertain  —  in  Southeast  Asia,  the  reoccurrence  of  jungle  yellow 
fever  in  Panama) ,  together  with  the  continued  problem  of  vector  resistance 
to  pesticides,  emphasize  the  urgency  of  research  in  this  area. 

The  following  examples  are  cited  to  illustrate  the  progress  made  in  repre- 
sentative projects  in  the  BRV  program  this  year: 

AI-11338-02  -  D.  J.  Gubler 

Studies  have  been  made  on  the  infection  rates  of  eight  geographic  strains 
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of  Aedes  albopictus  with  dengue  2  virus.   Evidence  from  the  preliminary 
studies  indicates  that  the  Israel  strain  is  highly  resistant  to  infection 
(only  1  of  42  mosquitoes  infected)  and  that  the  Viet  Nam  strain  is  quite 
susceptible  (20  of  26  mosquitoes  infected) .   The  susceptibility  of  these 
two  strains  is  being  tested  further  to  determine  if  lines  with  complete 
resistance  and  susceptibility  can  be  selected.   The  objective  of  this 
research  is  to  determine  if  dengue  can  be  controlled  by  replacing  a  sus- 
ceptible vector  species  with  a  refractory  strain  of  the  same  species  or 
by  introducing  the  gene  controlling  resistance  into  the  natural  popula- 
tion.  Studies  are  in  progress,  also  on  the  physiological  basis  of 
resistance. 

AI-10274-02  -  A.  Spielman 

Spielman  and  a  colleague  have  demonstrated  that  endod  a  butanol  extract 
of  the  soapberry  plant,  Phylolacca  dodeandra,  which  had  been  developed 
for  the  control  of  disease-bearing  snails,  may  be  even  more  effective 
for  the  control  of  disease-bearing  insects.   It  is  toxic  at  about  one 
part  per  million  to  second  and  third  instar  Aedes,  Culex  and  Anopheles 
mosquitoes.   (Eggs  and  pupae  are  not  affected  and  adults  die  only  after 
ingestion  of  concentrated  endod.)   Thus,  this  extract  is  considerably 
more  toxic  than  rotenone  and  about  100  times  as  active  as  commercial 
saponin  preparation.   The  concentration  of  endod  required  to  kill  mos- 
quitoes is  less  than  that  which  kills  snails  and  fish.   In  countries 
where  the  local  manufacture  of  endod  is  commercially  feasible,  its  use 
as  an  insecticide  should  be  further  evaluated.   Field  trials  currently 
underway  in  Ethiopia  on  the  use  of  endod  (manufactured  by  the  indigenous 
population)  in  the  control  of  snail  vectors  of  schistosomiasis  and  fas- 
cioliasis  may  result  in  concurrent  control  of  medically  important  insects. 

(B)  Immunity  to  Animal  Parasites: 

Applying  the  recent  striking  developments  in  basic  immunology,  parasit- 
ologists and  immunologists  (often  working  together  in  teams)  are  making 
exciting  progress  in  elucidating  the  mechanisms  of  immunity  to  parasitic 
infections,  as  the  recent  results  of  the  following  projects  in  this  pro- 
gram illustrate: 

AI-11289-02  -  D.  G.  Colley 

Dr.  Colley  has  demonstrated  that  lymph  node  cells  from  mice  infected  with 
Schistosoma  mansoni  for  8  weeks,  when  exposed  in  vitro  to  an  antigenic 
material  from  schistosomal  eggs,  elaborate  a  material  which  increases 
the  migration  of  eosinophils  2  to  A  fold  in  an  in  vitro  eosinophil  mig- 
ration assay.   The  lymphokine  has  been  designated  "Eosinophil  Stimulation 
Promoter"  (ESP) .   Work  is  proceeding  on  the  characterization  (physio- 
chemically  and  biologically)  of  this  lymphokine.   This  work  contributes 
to  the  understanding  of  the  function  and  mode  of  action  of  the  eosinophil. 
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AI-08952-05  -  R.  Nussenzweig 

In  earlier  work,  Dr.  Nussenzweig  and  her  colleagues  had  demonstrated  that 
the  intravenous  Injection  of  small  numbers  of  attenuated  (X-irradiated) 
sporozoites  induced  a  high  degree  of  protective  immunity  and  the  forma- 
tion of  antl-sporozoite  antibodies.   In  rodent  malaria,  they  demonstrated 
considerable  cross-protection  and  serologic  cross-reactivity  among 
sporozoites  of  different  strains  and  species.   In  contrast,  they  found 
that  antibodies  produced  against  sporozoites  of  a  species  of  simian  and 
human  malarias  are  highly  species-specific,  with  cross  reactions  observed 
only  among  different  strains  of  a  given  species.   The  sporozoite-induced 
immunity  is  highly  stage-specific,  with  its  effects  mainly  directed  against 
the  sporozoite  stage,  which  undergoes  antigenic  changes  during  the  process 
of  development. 

They  have  concluded  that  sporozoite-induced  immunity  is,  at  least  in 
part,  serum-mediated  and  that  the  spleen  does  not  play  an  essential 
role  in  its  development.   Also,  non-specific  stimulation  of  the  reticu- 
loendothelial system  does  not  play  a  very  important  role  in  protection 
against  sporozoite  challenge. 

The  studies  are  proceeding  now  on  the  role  of  cell-mediated  immunity 
as  part  of  the  mechanism  of  protection,  possible  ways  of  enhancing 
the  immune  response,  the  nature  of  the  interactions  between  sporo- 
zoites and  normal/immune  serum,  and  basic  immunopathologic  mechanisms 
in  malaria.   The  fact  that  the  immune  response  was  much  more  variable 
and  weaker  in  the  primates  tested  makes  it  necessary  to  explore  more 
fully  the  fundamental  mechanisms  of  the  response  in  the  rodent  system 
as  a  basis  for  further  work  which  could  lead  to  the  development  of 
a  method  for  immunization  of  man  against  malaria. 

The  host-parasite  relationships  involved  in  the  complete  immune  response 
to  the  various  parasites  are  extremely  complex,  due  in  large  part  to  the 
stages  of  development  and/or  the  migration  through  various  tissues  and 
organs  which  characterize  so  many  parasitic  infections.  Much  work, 
therefore,  remains  to  be  done  to  characterize  the  frequently  stage-spe- 
cific antigens  and  to  demonstrate  the  nature  and  quantitative  response 
of  various  tissues  to  these  before  the  primary  long-range  goals  of  this 
program  can  be  achieved:   more  effective  diagnostic  procedures  and  prac- 
tical methods  for  immunizing  against  major  parasitic  diseases  of  man. 

While  these  long-range  goals  are  being  pursued,  however,  the  size  and 
nature  of  many  parasites  serve  to  make  host-parasite  models  ideally 
suited  for  the  study  of  many  important  basic  problems  in  immunology  and 
immunopathology,  as  the  following  examples  illustrate: 

(a)  Rhesus  monkeys  infected  with  Trypanosoma  rhodesiense  have  been  shown 
to  develop  a  glomerulonephritis  which  is  related  to  selective  deposits 
of  reactant  proteins  of  the  alternate  complement  pathway  (properdin 
system)  and  thus  appear  to  provide  a  unique  immunopathological  model 
for  the  study  of  this  important  human  disease. 
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(b)  Several  parasitic  infections  are  now  being  used  to  elucidate  the 
mechanism  of  granuloma  formation,  particularly  with  reference  to  the  role 
of  cell-mediated  immunity  to  pathogenesis  of  the  lesions.   These  include 
not  only  Schistosoma  man son i  and  capillaria  hepatica,  but  also  malaria 
parasites. 

(c)  Several  helminth  infections  serve  as  excellent  models  for  the 
study  of  the  mechanism  of  immediate  hypersensitivity  reactions. 

(d)  The  role  of  inflammatory  reactions  and  the  biochemistry  and  physio- 
logical causes  of  these  in  the  expulsion  of  parasites  from  the  host  are 
being  studied  using  Trichinella  spiralis  as  the  basic  model. 

(e)  The  changing  host-parasite  relationships  which  permit  the  emer- 
gence of  opportunistic  pathogenic  infections  from  latent  infections 
are  being  studied  with  such  parasites  as  Toxoplasma  gondi,  Pneumo- 
cystis carinii,  Trypanosoma  cruzi  and  Strongyloides  stercoralis. 

These  and  many  more  intriguing  questions  are  being  addressed  in  the 
research  currently  supported  by  grants  in  this  Special  Emphasis  Area. 

Miscellaneous  Parasitic  Diseases: 

Results  of  the  following  projects  illustrate  the  diversity  of  parasitic 
diseases  being  studied  in  the  general  grants  program  in  parasitic 
diseases. 

AI-11277-01  -  W.  T.  Hughes 

In  the  first  year  of  this  project.  Dr.  Hughes  has  developed  a  tissue 
culture  system  using  chick  embryonic  lung  cells  (CEL)  or  owl  monkey 
kidney  cells  (OMK)  which  permits  limited  in  vitro  cultivation  of 
P^.  carinii.   He  has  succeeded  in  making  three  passages  of  the  organism 
in  cell  culture,  securing  a  three-fold  increase  in  organisms.   The  cul- 
tivation of  the  organism  is  important  in  that  it  will  provide  a  means 
by  which  a  purified  P^.  carinii  antigen  can  be  obtained  to  develop  sero- 
logic tests  for  the  diagnosis  of  P^.  carinii  pneumonitis  and  in  epidem- 
iologic studies  of  this  infection.   Pneumocystis  pneumonia  is  probably 
the  most  common  cause  of  death  of  children  with  acute  leukemia  while  in 
remission,  and  is  common  in  other  cancer  patients  not  on  therapy  and  in 
immunosuppressed  persons  generally.   Little  is  known  about  prevalence 
of  the  infection  in  the  general  population  or  about  its  transmission. 

AI-10588-03  -  F.  L.  Andersen 

Dr.  Anderson  has  demonstrated  that  echinococcosis  is  highly  prevalent 
in  central  Utah  and  should  be  considered  a  significant  public  health 
problem  in  that  area.   Of  164  dogs  purged  with  arecoline  hydrobromide, 
37  (22.6%)  were  infected  with  Echinococcus  tapeworms.   Of  4,712  adult 
sheep  examined  at  local  abattoirs,  608  (12.9%)  harbored  hydatid  cysts. 
Cooperative  work  with  personnel  from  the  State  Department  of  Public 
Health  and  the  National  Center  for  Disease  Control  showed  (by  skin  test 
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reactions)  an  incidence  of  1.1  cases  per  100  humans  in  the  area  of 
central  Utah  where  the  tests  were  conducted. 

Laboratory  studies  have  demonstrated  that  the  larval  stages  of  this 
parasite  can  survive  considerably  longer  in  intact  liver  tissue  than 
in  the  free  state,  suggesting  that  exposed  animal  pits  common  in  cen- 
tral Utah  may  be  an  important  source  of  hydatid  tapeworms  to  stray 
carnivores. 

These  studies,  together  with  those  of  Schwabe  in  California  (AI-06633) 
and  Leiby  in  North  Dakota  (AI-07857)  indicate  that  echinococcosis  is 
much  more  widespread  and  a  more  serious  public  health  problem  than 
had  been  realized  previously. 

AI-11373-02  -  G.  M.  Davis 

Working  in  cooperation  with  the  "Water-Borne  Diseases  Project"  of  the 
Smithsonian  Institution  (supported  by  U.S.-A.I.D.  contract),  Dr.  Davis 
has  made  extensive  collections  of  snails  from  various  localities  along 
with  Mekong  River  in  Thailand.   These  have  been  identified  and  curated 
to  provide  data  for  plotting  the  distribution  patterns  of  hybrobidd 
taxa  throughout  the  Mekong  River  to  determine  whether  Lithoglyphopsis 
aperta  exists  in  localities  where  dams  are  to  be  built.   This  snail, 
which  has  been  demonstrated  to  serve  as  first  intermediate  host  of  the 
Schistosoma  species  infecting  humans  at  specific  locations  on  the  Me- 
kong River,  has  been  studied  in  great  detail  and  found  to  consist  of 
at  least  three  races.   Other  taxa  suspected  of  close  genetic  relation- 
ships to  L^.  aperta  are  being  analyzed.   These  studies  are  essential  for 
an  understanding  of  the  epidemiology  of  schistosomiasis  in  the  Mekong 
River  system  (an  endemic  focus  only  recently  discovered  of  a  Schistosoma 
sp.  whose  relationship  to  other  species  of  Schistosoma  in  the  orient  has 
not  yet  been  fully  clarified) .   It  is  very  important  that  the  biology 
and  epidemiology  of  this  species  of  Schistosoma  be  understood  before  the 
proposed  dams  are  constructed  along  the  river  to  avoid  spread  of  the 
disease  throughout  the  impoundments  similar  to  the  extension  of  schisto- 
somiasis which  has  occurred  in  Africa  with  large  river  impoundments  in 
recent  years. 

AI-07A53-07  -  G.  R.  DeFoliart 

One  of  the  most  significant  discoveries  in  the  field  of  arbovirology 
during  the  past  year  was  the  demonstration  by  Defoliart  and  his  colleagues 
at  the  University  of  Wisconsin  that  the  insect-borne  LaCrosse  encephalitis 
virus  is  passed  from  one  generation  of  mosquito  to  the  next  in  the  female's 
egg.   This  is  the  first  demonstration  of  transovarian  transmission  of  a 
mosquito-borne  virus,  a  mechanism  which  probably  explains  the  ability  of 
the  virus  to  survive  freezing  winters.   The  study  also  demonstrated  that 
the  virus  can  multiply  in  the  mosquito  larvae.   Efforts  to  control  the 
spread  of  this  important  human  disease  must  take  into  account  this  new 
knowledge  of  its  ecology  and  epidemiology. 
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Projects  in  the  general  parasitic  disease  program  are  indicative  of  the 
opportunities  for  use  of  parasite-host  model  systems  for  the  study  of 
some  of  the  most  challenging  and  enigmatic  problems  in  biomedical 
science.   Perhaps  there  is  no  better  example  than  the  area, of  mechanisms 
of  intracellular  parasitism  discussed  recently  by  Trager^   on  the  basis 
of  his  work  supported  by  this  program  (AI-00192,  training  grant;  and 
AI-08989  and  AI-10640,  research  grants).   These  models  are  valuable  not 
only  for  studies  on  mechanisms  of  invasion,  pathogenesis  of  disease  and 
host  response,  but  on  such  fundamental  problem.s  as  the  dynamics  of  bio- 
logical membranes,  one  of  the  most  active  areas  of  research  in  the  bio- 
medical sciences. 

Results  from  two  projects  in  the  parasitic  diseases  program  illustrate 
the  way  in  which  findings  may  lead  to  developments  of  considerable  im- 
portance in  other  quite  unrelated  areas  of  biomedical  science. 
Dr.  Linda  Butler's  work  (AI-10636-02)  on  the  photodynamic  effect  of 
light  on  dye-fed  insects,  undertaken  to  explore  the  possibility  of 
control  of  insect  pests  with  these  chemicals,  has  shown  that  certain 
dyes  approved  for  use  in  foods,  drugs  and  cosmetics  are  photodyna- 
mically  active.   With  the  elucidation  of  the  process  of  photodynamism 
and  the  use  of  test  animals,  evidence  will  be  obtained  on  the  potential 
for  photodynamic  injury  to  man  and  other  mammals. 

The  use  of  the  urease  inhibitor  acetohydroxamic  acid  (AHA)  to  study 
metabolic  processes  in  gastropods  suggested  to  Campbell  (AI-05006-10) 
the  potential  application  of  this  compound  to  the  treatment  of  Proteus 
urinary  infections  of  man  and  animals.   In  collaboration  with 
Dr.  Campbell,  Dr.  D.  P.  Griffith,  urologist  at  Baylor  College  of 
Medicine,  now  has  an  active  research  program  on  the  clinical  use  of  AHA, 
(provided  by  Dr.  Campbell,  since  it  is  not  yet  commercially  available) 
which  has  been  shown  to  be  relatively  non-toxic,  to  be  rapidly  excreted 
into  the  urine,  and  to  prevent  most  of  the  pathology  of  Proteus  infec- 
tions and  urinary  stone  formation  in  rats. 

Finally,  a  follow-up  note  on  an  item  in  last  year's  annual  report  seems 
appropriate.   At  the  recent  Workshop  on  Long-Term  Toxicity  of  Anti- 
schistosomal  Drugs*,  it  was  reported  that  preliminary  evidence  indicates 
that  analogues  of  hycanthone  developed  on  the  basis  of  fundamental  in- 
formation relating  the  three-dimensional  structure  of  the  drug  to  ant- 
helmintic activity  and  host  toxicity  developed  largely  by  Bueding  and 
his  colleagues  (AI-03515-15  and  AI-08022-07)  have  indeed  shown  increased 
efficacy  against  the  parasite  and  decreased  mutagenic  or  carcirogenic 
activity  in  laboratory  studies.   It  is  also  pertinent  to  note  that 


(1)  "Some  Aspects  of  Intracellular  Parasitism,"  Science,  183  (1974): 
269-273. 

*Sponsored  by  the  U.S. -Japan  Cooperative  Medical  Science  Piogram  Panel  on 
Parasitic  Diseases  and  Panel  on  Environmental  Carcinogenesis,  May  1-3, 
1974. 
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Bueding's  pioneering  studies  on  the  potentially  toxic  effects  of  this 
drug  (hycanthone)  have  led  to  its  use  in  the  development  of  model  systems 
for  study  of  mutagenic,  carcinogenic  and  teratogenic  effects  of  chem- 
icals, an  emerging  area  of  great  importance  in  environmental  health 
sciences. 
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E.   VIRAL  DISEASES  BRANCH 

The  approximate  level  of  support  given  viral  diseases: 

Type  of  Grant  Number     Amount 


Research  grants 
Training  grants 
Fellowships 


125 
26 
14 


$6,511,741 

1,258,771 

158,191 


(1) 


Summary 


The  diseases  caused  by  viruses  continue  to  be  a  matter  of  great  interest 
and  of  increasing  importance  in  the  health  problems  of  man.   The  grant 
support  programs  on  these  virus  investigations  are  designed  to  contri- 
bute to  better  ways  of  diagnosis,  prevention  and  treatment  of  the 
variety  of  serious  diseases  these  organisms  cause.   Each  year  good  re- 
search leads  develop  that  give  hopes  of  discoveries  that  will  lessen  the 
severity  of  illness  and  reduce  deaths  caused  by  viruses. 

Two  new  special  emphasis  programs.  Clinical  Virology  and  Influenza  have 
been  added  to  the  two  ongoing  special  emphasis  programs  of  Viral  Hepa- 
titis and  Chronic  and  Degenerative  Diseases  of  Man.   The  Clinical  Vir- 
ology program  was  developed  in  response  to  an  apparent  need  for  a  better 
understanding  of  the  pathogenesis  of  human  viral  infections,  knowledge 
of  which  is  lagging  behind  contemporary  discoveries  in  molecular  virology. 
This  program  aims  to  merge  the  talents  of  young  investigators  well  versed 
in  the  technologies  and  concepts  of  modern  virology  with  those  of  clinical 
investigatois,  ideally  in  the  setting  of  a  hospital-based  virus  diagnostic 
laboratory. 

The  problems  in  influenza  are  more  highly  focused:   there  is  an  urgent  need 
for  a  more  thorough  understanding  of  the  ever-changing  nature  of  the  in- 
fluenza viruses  so  that  a  truly  effective  vaccine  can  be  developed  to  off- 
set the  catastrophic  effects  of  a  predicted  pandemic  in  the  early  1980' s. 

In  the  viral  Hepatitis  program  improved  methods  of  screening  and  prevention 
of  infection  are  being  investigated  with  promising  results,  and  a  better 
understanding  of  the  long  term  effects  and  behaviour  of  the  diseases  has 
been  obtained.   Interesting  advances  are  being  made  toward  clarifying  a 
number  of  the  riddles  of  Chronic  and  Degenerative  Diseases  of  Man. 

Research  Grants  Highlights 

Influenza 

The  only  infectious  disease  still  occurring  in  the  United  States  in  epi- 
demic form  in  the  winter  is  influenza.   Research  information  obtained  in 


(1)  Includes  7  Career  Awards. 
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recent  years  is  progressing  quite  well  with  leads  towards  the  develop- 
ment of  improved  vaccines  that  will  reduce  or  control  future  epidemics 
of  this  diseases. 

AI-09304-06  -  E.  D.  Kilbourne 

In  studies  directly  related  to  vaccine  development  the  Investigators 
have  pursued  their  concept  of  infection-permissive  neuraminidase  specific 
immunization  by  development  of  an  antigenically  hybrid  vaccine  which  con- 
tains the  neuraminidase  antigen  of  the  more  recent  England-Hong  Kong 
variant  of  flu.   Sizable  quantities  of  this  experimental  vaccine  X-38a 
and  a  companion  conventional  vaccine  X-37a  are  now  available  for  testing. 
Further  investigations  are  also  being  undertaken  for  development  of  better 
standardization  procedures  based  on  vaccine  immunogenicity. 

Studies  have  progressed  on  the  isolation  of  polypeptides  of  influenza 
virus,  contributory  to  a  basic  understanding  of  the  virus,  with  potential 
for  the  production  of  vaccines  containing  the  isolated  purified  protein 
antigens. 

In  addition  this  group  has  reinvestigated  the  recombination  of  the  in- 
fluenza B  viruses  not  only  with  respect  to  the  prospect  of  donation  of 
high  yield  characteristic  but  also  with  respect  to  the  feasibility  of 
producing  antigenic  hybrids  similar  to  those  in  use  in  the  neuraminidase 
specific  immunization  studies  with  the  influenza  A  viruses.   Antigenic 
hybrid  of  influenza  B  viruses  have  been  produced  and  the  recombinational 
frequency  is  similar  to  that  with  the  Influenza  A  viruses. 

AI-05600-11  -  P.  Choppin 

In  these  investigations  a  method  has  been  devised  for  the  isolation  of  the 
glycoproteins  of  paramyxoviruses  with  full  recovery  of  biological  activi- 
ties using  the  non-ionic  detergent  Triton  X-100.   The  finding  that  both 
neuraminidase  and  hemagglutlnating  activities  reside  on  a  single  protein 
in  the  case  of  paramyxoviruses  is  in  striking  contrast  to  the  situation 
with  myxoviruses,  in  which  the  two  activities  are  found  on  different 
virion  proteins. 

These  studies  on  this  grant  have  been  in  the  forefront  of  the  research  on 
these  viruses  and  their  use  as  model  membrane  systems.   This  work  has 
contributed  significantly  to  our  knowledge  of  virus  structure  and  repli- 
cation and  membrane  biogenesis.   Such  knowledge  will  hopefully  lead  to 
eventual  control  of  diseases  produced  by  these  viruses.   For  example,  the 
methods  developed  for  isolation  of  the  viral  glycoproteins  may  be  of 
direct  application  to  vaccine  production. 

AI-08831-06  -  R.  G.  Webster 

These  studies  provide  evidence  that  the  hemagglutinin  subunit  on  Hong 
Kong  influenza  virus,  chief  cause  of  the  1968-1969  epidemic,  could  have 
originated  from  an  equine  or  avian  source.   The  studies  on  recombination 
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in  vivo  provide  evidence  on  the  mechanism  of  how  the  new  pandemic 
strains  of  influenza  virus  could  arise.   Immediate  practical  appli- 
cations have  been  the  techniques  for  identifying  the  surface  anti- 
gens on  influenza  with  monospecific  antisera.   Of  particular  impor- 
tance for  the  future  is  the  identification  of  influenza  viruses  in 
natural  hosts  that  may  serve  as  the  source  of  influenza  viruses  for 
man. 

Arboviruses 


Potential  of  epidemics  caused  by  the  arthropod  borne  viruses  continue 
to  face  those  responsible  for  control  of  such  outbreaks.   Since  environ- 
mental management  prevents  indiscriminate  usage  of  pesticides  and  some 
of  the  carriers  of  these  viruses  are  becoming  resistant  to  certain  pesti- 
cides, efforts  are  being  undertaken  to  find  other  methods  of  control. 
Some  encouraging  leads  are  being  followed  in  these  investigations. 


_J 


AI-00771-20  -  T.  H.  Yuill 
AI-115A7-01  -  W.  H.  Thompson 

Investigators  at  the  University  of  Wisconsin  have  demonstrated  that  the 
insect-borne  LaCrosse  (LAC)  encephalitis  virus  is  passed  from  one  genera- 
tion of  mosquitoes  to  the  next  in  the  female's  eggs.   This  mechanism  - 
never  before  demonstrated  in  a  mosquito-borne  virus  -  probably  explains 
the  virus'  ability  to  survive  freezing  winters.   LAC  virus,  a  member  of 
the  so-called  California  Encephalitis  Group,  has  plagued  parts  of  rural 
Wisconsin  for  about  20  years.   The  virus  attacks  young  children  primarily, 
causing  severe  illness  with  high  temperature,  headache,  nausea,  vomiting 
and  convulsions.   New  knowledge  of  LAC  virus  gained  in  these  studies  may 
help  efforts  to  control  the  agent. 


AI-00984-14  -  P.  Galindo 

Forty  one  species  belonging  to  eleven  genera  of  mosquitoes  have  been  re- 
ported naturally  infected  with  endemic  viruses  of  the  Venezuelan  encepha- 
litis (VE)  complex  that  remains  a  threat  to  the  Southwestern  United 
States.   Only  two  of  these  species  of  mosquitoes  have  been  proved  to  be 
efficient  natural  vectors  of  VE  and  these  are  Culex  (Melanoconium)  aikenii 
and  Culex  (M)  portesi.   The  preliminary  observations  on  the  bionomics  and 
VE  transmission  ability  of  Culex  aikenii  seem  to  indicate  that  this  species 
has  the  potential  to  become  a  formidable  vector  of  the  arboviruses.   Its 
wide  distribution  and  common  occurrence  near  human  communities  warrants 
further  study  on  the  systematics,  ecology  and  disease  transmission  poten- 
tial of  this  mosquito. 

AI-03028-14  -  W.  Reeves 

In  these  investigations  Culex  tarsalis  mosquitoes  from  a  colony  at 
Bakersfield,  California  were  found  to  be  infected  with  2  noninclusion 
cytoplasmic  viruses.   Both  viruses  were  polyhedral  in  form  and  with 
one  almost  twice  the  diameter  of  the  other.   The  smaller  agent  has  been 
passed  serially  in  virus-free  £.  tarsalis  to  establish  its  viral  nature. 
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Infection  with  the  larger  agent  appears  to  reduce  the  survival  period 
of  male  and  female  C^.  tarsalls  by  2  to  3  days,  and  the  agents  are  found 
in  larvae  and  pupae  as  well  as  both  sexes  of  adults  which  is  believed 
to  reflect  transovarian  infection.   Salivary  gland  degeneration  has  been 
observed  in  a  high  proportion  of  infected  females.   Studies  are  in  pro- 
gress to  determine  if  these  viruses  will  interfere  with  infection  by 
Western  Equine  Encephalitis  and  St.  Louis  Encephalitis  viruses  or  if 
salivary  gland  degeneration  will  decrease  the  competence  of  C^.  tarsalis 
to  transmit  these  arboviruses  by  bite  and  serve  to  reduce  threat  of  epi- 
demics caused  by  these  mosquitoes. 
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Chronic  and  Degenerative  Diseases 

Reasonable  explanations  as  to  the  means  by  which  specific  viruses  persist 
in  certain  animals  for  prolonged  times,  some  eventually  causing  slow  de- 
generative disease,  continue  to  require  time-consuming  research  efforts 
in  attempts  to  solve  these  problems.   However,  progress  in  these  areas 
of  research  are  beginning  to  shed  some  light  on  the  role  of  viruses  in 
relation  to  some  of  the  chronic  diseases  of  man. 

AI-09023-0A  -  D.  Walker 


n 


In  studies  to  determine  the  prevalence  of  JC  virus  (virus  isolated  from 
tissue  of  patients  with  progressive  multifocal  leukoencephalopathy  [pml]) 
it  was  found  that  infection  is  rather  common  among  residents  of  Wisconsin, 
with  most  infections  occurring  during  childhood.   As  yet,  nothing  is  known 
about  the  character  or  the  usual  course  of  the  primary  infection,  but  in 
studies  of  a  similar  virus  (papova  virus)  antibodies  last  for  life  in  most 
infected  animals  and  the  infection  is  persistent. 

If  infection  with  JC  virus  is  similarly  persistent,  PML  could  result  when 
the  latent  infection  is  activated  as  a  result  of  acquired  immunologic  de- 
ficiency or  therapeutic  immunosuppression.   However,  it  could  also  re- 
sult from  viral  invasion  of  the  central  nervous  system  during  primary 
infection  in  an  immunologically  compromised  adult.   The  results  of  the 
study  do  not  permit  a  differentiation  of  the  above  alternatives  but  if 
PML  results  from  an  activation  of  latent  infection,  then  a  high  propor- 
tion of  the  population,  at  least  in  Wisconsin,  may  be  at  risk  if  sub- 
jected to  immunosuppression. 

AI-06246-10  -  J.  G.  Stevens 

In  investigations  in  rabbits  which  developed  encephalitis  after  having 
been  previously  infected  with  herpes  simplex  virus  (HSV) ,  leads  were 
obtained  suggesting  that  the  disease  resulted  from  reactiva'zion  of  a 
latent  Infection  in  the  brain.   Further  studies  now  show  that  HSV  can 
induce  latent  infections  in  both  peripheral  and  central  nervous  systems 
of  experimental  animals.   Thus,  a  critical,  basic  event  required  for 
support  of  the  concept  that  the  nervous  system  is  the  source  of  virus 
for  recurrent  cutaneous  disease  and  some  cases  of  encephalitis  has  been 
shown  to  occur.   Application  of  these  methods  to  human  tissue  has  shown 
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that  latent  infections  occur  in  the  trigeminal  ganglia.   It  now  would 
be  important  to  determine  whether  latent  virus  can  also  be  detected  in 
the  central  nervous  system  of  man.   Finally,  the  possible  role  of  a 
latent  viral  infection  in  the  genesis  of  chronic  degenerative  diseases 
of  the  central  nervous  system  can  now  be  seriously  investigated  in  these 
experimental  systems. 

AI-09022-06  -  A.  Koestner 

These  studies  are  directed  at  utilizing  the  canine  distemper  complex  as 
a  model  for  pathogenetic  studies  of  a  virus-induced  demyelinating  encepha- 
lomyelitis where  evidence  has  been  accumulated  relating  multiple  sclerosis 
to  this  disease.   In  light  of  this  information,  the  successful  experimental 
production,  by  these  investigators,  of  demyelinating  encephalitis,  in 
gnotobiotic  pups  with  a  special  canine  distemper  virus  isolate  has  gained 
markedly  in  importance  as  a  pathogenetic  model  of  virus-induced  demyelina- 
tion. 

Viral  Hepatitis 

In  the  past  few  years  progress  has  been  made  in  hepatitis  research  on  the 
transmission  to  experimental  animals,  isolation  and  identification  of  both 
hepatitis  A  and  hepatitis  B  viruses.   However,  much  needs  to  be  accomplished 
in  clinical,  epidemiological  and  laboratory  investigations  before  a  good 
understanding  of  this  disease  is  accomplished. 

AI-1089A-03  -  I.  L.  Schweitzer 

The  data  obtained  in  these  studies  reinforce  the  concept  that  infection  is 
transferred  from  mother  to  infant  with  high  frequency  when  the  woman  has 
acute  viral  hepatitis  B  late  in  pregnancy  or  soon  after  delivery.   When 
hepatitis  occurs  early  in  pregnancy  or  when  the  mother  is  an  asymptomatic 
carrier,  the  attack  rate  for  the  infant  is  much  lower.   The  infection  may 
be  transmitted  from  mother  to  infant  in  utero,  at  the  time  of  delivery, 
or  in  the  postpartum  period.   Long-term  follow-up  has  revealed  that,  in 
most  instances,  once  the  baby  becomes  infected  with  subclinical  hepatitis, 
it  remains  hepatitis  B  antigen  positive  for  long  periods  of  time.   The  most 
important  aspect  of  these  results,  as  it  appears  to  the  public's  health, 
is  that  the  mother-infant  pairs  add  to  the  pool  of  hepatitis  B  virus 
within  the  community. 

AI-10176-03  -  P.  F.  Kohler 

In  these  investigations  it  was  found  that  infants  born  to  mothers  with 
either  hepatitis  B  or  the  asymptomatic  chronic  carrier  state  frequently 
transmit  the  infection  to  their  newborns  at  the  time  of  birth.   In 
further  studies  it  was  found  that  specific  antibody  treatment  has 
apparently  prevented  this  infection  in  three  such  infants  at  risk. 
Future  studies  are  aimed  at  further  clarification  on  this  and  other 
types  of  treatment  of  viral  hepatitis  cases. 
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Other  Viruses 

Investigations  on  clinical  virology  and  such  viral  diseases  as  are 
caused  by  herpes,  measles,  mumps,  poliomyelitis,  rabies,  respiratory 
syncytial  virus,  rhinoviruses  (colds)  and  rubella  continue  to  show 
progress. 

AI-05577-09  -  D.  Horstmann 

The  impact  of  oral  poliovirus  vaccine  on  the  circulation  of  entero- 
viruses was  measured  by  means  of  virologic  surveillance  in  two  small 
New  England  cities.   Sewage  specimens,  collected  at  weekly  intervals 
over  a  seven-year  period,  revealed  the  presence  of  polioviruses  regularly 
throughout  the  year  with  no  seasonal  variation.   Other  enteroviruses  were 
recovered  mainly  in  the  summer  and  autumn,  the  same  ones  tending  to  appear 
each  year.   Characterization  of  poliovirus  strains  recovered  from  sewage 
and  from  children,  using  intratypic  serodif ferentiation  and  the  tempera- 
ture marker,  showed  the  isolates  to  be  largely  vaccine  derived.   Apparently 
the  continued  use  of  oral  poliovirus  vaccine  in  the  communities  studied  had 
had  no  apparent  influence  on  the  behaviour  of  other  enteroviruses,  but  dis- 
semination of  the  vaccine  strains  through  contact  infection  probably  con- 
tributes to  rising  level  of  herd  immunity  among  susceptible  children. 

AI-09706-03  -  H.  Koprowskl 

During  vaccine  trails  in  persons  without  previous  history  of  antirables 
vaccination,  administration  of  a  single  dose  of  vaccine  provided  an  anti- 
body response  clearly  superior  to  that  expected  from  a  single  dose  of  duck 
embryo,  or  nervous  tissue  type  vaccine.   Administration  of  two,  three  or 
four  doses  of  vaccine  provided  an  immune  response  much  higher  than  that 
expected  following  administration  of  fourteen  or  twenty-one  doses  of 
vaccines  presently  used.   In  persons  vaccinated  previously  against  rabies, 
single  dose  of  the  new  vaccine  provided  a  rapid  and  extremely  strong  anti- 
body response.   High  virus  neutralizing  titers  were  observed  three  weeks 
after  inoculation  and  persisted  at  high  levels  for  several  months. 

AI-0686A-08  -  A.  Schluederberg 

In  studies  of  measles  immunity  in  children  vaccinated  before  one  year 
of  age  the  results  indicate  that  concern  about  vaccine  failure  in  children 
vaccinated  between  nine  and  12  months  of  age,  while  not  misplaced,  may 
have  been  overemphasized.   Maximum  protection  against  measles  is  to  be 
expected  by  delaying  vaccination  until  the  first  birthday,  but  there  may 
be  times  when  it  is  advisable  to  vaccinate  at  the  younger  age.   However, 
when  possible  children  vaccinated  under  such  conditions  and  particularly 
those  vaccinated  before  age  nine  months,  should  be  revaccinated  after 
one  year  of  age. 
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AI-01023-17  -  T.  Weller 

The  little-understood  natural  history  infection  due  to  cytomegalovirus 
(CMV)  in  adults  is  a  matter  of  increasing  interest.   That  an  occult  in- 
fection may  be  present  in  the  apparently  normal  adult  blood  donor  is 
strongly  implied  by  the  occasional  appearance  of  CMV  mononucleosis  in 
patients  transfused  with  fresh  blood.   In  a  study  of  fifty  donors  the 
antibody  patterns  found  suggest  that  the  CMV-host  relationship  is  more 
dynamic  than  heretofore  appreciated.   While  not  necessarily  applicable 
to  the  normal  adult  population,  the  findings  emphasized  the  necessity 
for  critical  interpretation  of  the  clinical  significance  of  titers  of 
complement-fixing  antibodies  to  CMV  in  donors. 
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III. 


RESEARCH  GRANTS  PROGRAM  ANALYSIS 


Fields 

Allergy  and   Innnunology 

Asthma  &  Allergic  Disease  Centers 

Lymphocyte  Biology 

Clinical  Immunology  and  Immunopathology 

Cell-Mediated  Vs  Humoral  Antibody  Responses.... 

Bacterial  and  Mycotic  Diseases 

Streptococcal  Disease  and  Sequelae 

Mechanisms  of  Immunity  to  Antimicrobial  Agents. 

Biology  of  Venereal  Disease 

Hospital-Associated  Infections 

Viral  Diseases  and  Problem  Areas 

Antiviral  Substances  Including  Phage  and 

Interferon 

Chronic  and  Degenerative  Diseases  of  Man 

Viral  Hepatitis 

Clinical  Virology 

Influenza 

Parasitic  Diseases  and  Problem  Areas 

Immunity  to  Parasites 

Biological  Regulation  of  Vectors 

Subtotal 

International  Centers  for  Medical  Research 

Total ,  Research  Grants 


1974  Estimate 
Amount 

$22,086,000 
(1,347,000) 
(1,472,000) 
(3,619,000) 
(1,302,000) 

17,436,000 
(1,165,000) 
(1,469,000) 
(1,556,000) 
(806,000) 

12,944,000 

(991,000) 
(881,000) 
(326,000) 
(538,000) 
(701,000) 

6,977,000 
(1,353,000) 
(1,667,000) 

$59,443,000 

2,399,000 


$61,842,000 
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COLLABORATIVE  RESEARCH  PROGRAMS 

NATIONAL  INSTITUTE  OF  ALLERGY  AND  INFECTIOUS  DISEASES 
Annual  Report  for  FY  1974 


After  a  considerable  number  of  changes  in  the  organization  and  staffing  of 
Collaborative  Research  during  FY  1973,  the  past  year  has  been  relatively 
stable.   There  were  however  a  number  of  changes  in  the  Branches  of 
Collaborative  Research.   In  the  Infectious  Disease  Branch  Dr.  James  C.  Hill 
joined  the  staff  for  the  Bacterial  Vaccine  Program  replacing  Dr.  Richard  E. 
Horton  who  transferred  to  the  Geographic  Medicine  Branch.   Dr.  Franklin 
Tyeryar  replaced  Dr.  June  Dunnick  in  the  Hepatitis  Program  and  assumed 
additional  duties  in  the  Influenza  Program. 

As  to  advisory  committee  activities  the  Infectious  Disease  Branch  and  the 
Transplantation  and  Immunology  Branch  continue  to  receive  their  outside 
scientific  advice  on  program  development  and  evaluation  from  their  respective 
chartered  advisory  committees.   The  U.S. -Japan  Program  receives  similar 
advice  from  the  seven  (7)  panels  which  correspond  to  the  U.S. -Japan  Program 
components.   Since  the  Research  Resources  Committee  was  abolished  late  in 
FY  1973  the  Branch  now  receives  its  outside  advice  from  consultants  and 
ad  hoc  groups  and  by  increased  utilization  of  workshops .   The  International 
Centers  for  Medical  Research  (ICMR)  Committee  was  also  abolished  late  in 
FY  1973,  and  it  is  anticipated  that  the  primary  review  of  the  International 
Centers  for  Medical  Research  renewal  applications  will  be  done  by  a  special 
study  section. 

The  NIAID  Advisory  Council  reviewed  the  Institute's  Collaborative  Research 
Programs  at  the  March  21,  1974  Council  meeting.   This  type  of  review  is 
consonant  with  the  recommendations  of  the  Program  Mechanism  (Cooper) 
Committee . 
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FY  1974  has  witnessed  a  transition  in  budget  formulation  with  the  initiation 
of  budgeting  by  scientific  program  activity  as  a  substitute  for  budgeting 
by  funding  mechanism.   The  four  NIAID  program  categories  are  Allergic  and 
Immunologic  Diseases,  Bacterial  and  Fungal  Diseases,  Viral  Diseases,  and 
Parasitic  Diseases.   In  Collaborative  Research  the  entire  Transplantation 
and  Immunology  Program  is  included  under  Allergic  and  Immunologic  Diseases; 
the  Research  Resources  Branch  is  spread  over  all  major  categories  except  for 
Parasitic  Diseases;  Geographic  Medicine  Branch  covers  all  categories  except 
Allergic  and  Immunologic  Diseases.   The  program  of  the  Infectious  Disease 
Branch  fit  into  the  broad  categorical  programs  of  Viral  Diseases  and 
Bacterial  and  Fungal  diseases. 

During  FY  1974  staff  participated  in  a  variety  of  training  activities  and 
seminars.   During  the  summer  of  calendar  year  1973  the  staff  participated 
in  seminars  at  the  Airlie  House  in  Virginia  during  which  time  there  was  an 
opportunity  for  scientists  from  Extramural  Programs  NIH  to  meet  and  exchange 
ideas  with  counter-parts  in  Collaborative  Programs.   The  Staff  Training- 
Extramural  Programs  (STEP)  modules  sponsored  by  the  Extramural  Programs  also 
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furnish  an  opportuniLy  for  participation  on  the  part  of  Collaborative 
Research  staff.   A  number  of  staff  also  participated  in  a  Project  Officer 
Training  sponsored  by  the  Office  of  Contracts  and  Grants.   Administrative 
and  secretarial  staff  had  an  opportunity  to  participate  in  training  in 
procurement  and  personnel  activities. 
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Special  workshops  continued  to  be  utilized  during  FY  1974  as  a  means  of 
focusing  on  new  areas  for  potential  development  In  Collaborative  Programs. 
Participants  in  these  workshops  have  included  NTH  Intramural  and  Extramural 
scientists  as  well  as  scientists  from  other  Government  agencies  and  from 
universities.   Attendance  has  been  limited  as  much  as  possible  to  individuals 
who  were  likely  to  contribute  to  the  proceedings.   Individual  workshops  are 
mentioned  in  the  reports  of  the  four  branches.   These  workshops  have  proved 
to  be  a  very  useful  mechanism  for  program  deve].opment  and  evaluating  the 
state  of  the  art. 


Research  Resources  Branch 

The  Research  Resources  Branch  continued  to  change  its  directions  from 
conventional  reagents  for  research  in  virology  to  producing,  testing  and 
distributing  more  sophisticated  reagents  for  isolated  viral  antigens,  such 
as  those  antlsera  for  the  hemagglutinins  and  neuraminidases  of  influenza 
viruses;  purified  allergens  including  ragweed,  ryegrass  and  ascarids; 
reagents  representing  the  virion  and  associated  antigens  of  hepatitis  B 
and  most  recently  immunologic  reagents  such  as  anti-IgE.   Stepped  up 
activities  in  production  of  allergen  reagents  has  necessitated  the 
establishment  of  an  allergen  certification  laboratory.   Through  the  Research 
Resources  Branch's  Interagency  Agreement  with  the  Atomic  Energy  Commission, 
the  Molecular  Anatomy  Laboratory  has  been  instrumental  in  the  development 
and  purification  of  hepatitis  B  reagents;  in  identifying  internal  and  surface 
antigens  which  may  be  the  basis  for  new  respiratory  syncytial  virus  reagents 
and,  in  association  with  investigators  from  Stanford  University  in 
demonstrating  a  DNA  dependent  DNA  polymerase  in  the  core  of  the  Dane  particle. 

The  Research  Resources  Branch  works  closely  with  the  Center  for  Disease 
Control,  the  World  Health  Organization  and  various  immunological  societies 
in  formulating  and  implementing  reagent  programs.   Discussions  are  underway 
with  the  American  Type  Culture  Collection  in  reference  to  possible  transfer 
of  selected  virus  seed  stocks  from  the  Research  Resources  Branch  to  the 
American  Type  Culture  Collection. 


Transplantation  and  Immunology  Branch 

The  Transplantation  and  Immunology  Branch  (TIB)  through  techniques  and  its 
reagents  program  has  contributed  to  research  on  a  variety  of  diseases 
which  may  be  associated  with  certain  histocompatibility  antigens.   Candidate 
diseases  include  leprosy,  psoriasis,  ankylosing  spondylitis,  Hodgkins 
Disease,  choriocarcinoma  and  multiple  sclerosis.   Studies  on  these 
diseases  has  been  enhanced  by  techniques  developed  by  the  T'.B  contractors 
and  by  the  use  of  research  reagents  which  the  program  has  furnished. 
At  the  same  time  the  program  has  fulfilled  its  primary  mission 


of  providing  reagents  and  related  methodology  to  improve  the  accuracy  of 
tissue  typing  in  organ  transplants.   The  preloaded  72  well  trays  provided  by 
the  TIB  are  used  to  type  for  the  majority  of  U.S.  kidney  transplants. 
Program  supported  research  and  development  has  now  made  it  possible  to 
freeze  dry  the  many  typing  reagents  in  the  Bank  resulting  in  a  more  stable 
product  which  can  be  shipped  with  facility  and  economy. 

The  double  blind  study  in  a  single  large  institution  of  the  TIB  developed 
anti lymphocyte  globulin  (ALG)  which  will  help  establish  the  utility  of  this 
immunosuppressant.   Although  ALG  has  been  used  for  a  number  of  years  this 
will  be  the  first  time  that  such  a  study  has  been  carried  out  to  study 
toxicity  and  efficacy. 

The  contract  to  study  the  immunopathology  of  kidney  disease  continues  to 
yield  important  information  on  the  etiology  of  Nephritis.   The  growing 
numbers  of  Nephrologists  and  transplantation  surgeons  attest  to  the  utility 
of  this  research  resource. 

Although  it  is  well  established  that  tissue  matching  is  useful  in  selecting 
the  most  appropriate  donor  for  living  related  kidney  transplants.   there 
still  is  controversy  concerning  the  utility  of  tissue  matching  when  cadaver 
kidneys  are  used.   In  an  effort  to  adequately  study  this  complex  problem 
the  TIB  has  initiated  a  program  to  collect  and  analyze  clinical  and 
laboratory  data  on  a  large  number  of  kidney  transplants.   Hopefully  this 
study  will  deliniate  the  importance  of  the  various  antigens  involved  and 
thus  facilitate  transplantation  of  the  large  numbers  of  patients  currently 
on  paliative  dialysis. 

Despite  best  efforts  to  obtain  compatible  cadaver  kidneys,  it  will  probably 
always  be  necessary  to  perform  transplantations  across  the  histocomparability 
barier.   Current  drugs,  while  immunosuppressive  are  not  selective:   patients 
are  protected  against  graft  rejection  and  as  a  consequence  they  have  an 
increased  susceptibility  of  infectious  disease  and  the  metabolic  problems 
of  hypercortisonism. 
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The  proposed  new  program  entitled  Immune  Regulation  is  designed  to  find 
other  immunologic  means  for  abrogating  the  graft  rejection.   Hopefully 
this  approach  will  prove  more  specific  than  the  panimmunosuppression  in 
current  usage. 

The  rapidly  growing  field  of  immunology  and  the  expansion  of  the  serum 
program  makes  it  necessary  to  develop  programs  for  the  prompt  dissemination 
of  information.   The  TIB  programs  of  workshops  and  the  annual  publication  of 
a  catalog  of  reagents  is  designed  to  bring  information  on  new  developments, 
techniques  and  reagents  to  the  attention  of  the  Branch  Scient.'.st  as  rapidly 
as  possible. 

Infectious  Disease  Branch 

In  FY  1974  witnessed  a  marked  increase  in  the  activities  of  the  Infectious 
Disease  Branch  (IDB)  particularly  in  the  implementation  of  a  significantly 
enlarged  influenza  program  and  the  initiation  of  a  venereal  disease  program. 


JO 

g 


C 


i#l 


-^'*^- 


The  latter  is  expected  to  increase  in  size  and  scope  during  FY  1975.   Early 
consideration  has  been  given  to  a  program  in  hospital  associated  infections 
and  it  is  anticipated  that  preliminary  plans  will  be  reviewed  by  the  Infectious 
Disease  Advisory  Committee  in  October  1974  and  by  the  National  Institute  for 
Allergy  and  Infectious  Diseases  (NIAID)  Advisory  Council  in  November  1974. 


I. 


At  the  same  time  that  there  has  been  a  marked  increase  in  new  program 
development  and  implementation,  the  pace  of  activities  in  hepatitis, 
bacterial  and  viral  vaccines  and  antiviral  substances  continued  unabated. 
There  was  also  a  continuing  increase  in  the  number  and  complexity  of  projects 
requiring  review  by  the  NIAID  Clinical  Research  Committee  (CRC) . 

The  Influenza  Program,  in  its  present  form,  is  the  culmination  of  a  set  of 
recommendations  to  the  Institute  via  the  Infectious  Disease  Advisory 
Committee.   Many  of  these  recommendations  emanated  from  the  six  Influenza 
Workshops  over  the  past  three  years.   The  propensity  of  influenza  virus 
to  mutate  has  made  prevention  of  epidemic  disease  a  u-nique  and  costly 
problem.   The  Institute's  Collaborative  Influenza  Program  is  designed  to 
utilize  new  technology,  particularly  in  the  area  of  genetics  to  find  a 
means  of  combating  influenza.   Since  the  disease  does  not  occur  in  epidemic 
proportions  every  year,  the  program  commitment  is  for  an  extended  period  of 
time.   Probably  the  keystone  of  the  entire  contract  activity,  an  Influenza 
Study  Center,  was  initiated  this  year.   Complimentary  activities  include 
genetic  studies,  development  and  evaluation  studies  on  inactivated  and 
attenuated  live  virus  candidate  vaccines,  and  eventually  studies  on 
antiviral  substances  in  the  prevention  and  treatment  of  disease. 


Progress  in  hepatitis  must  be  measured  and  reported  in  terms  of  combined 
Intramural  and  Collaborative  efforts.   Collaborative  contributions  are  in 
the  form  of  contracts  for  animal  models,  epidemiology,  evaluation  of 
hyperimmune  gamma  globulin,  laboratory  support,  the  Molecular  Anatomy  (MAN) 
Program  and  reference  reagents  and  resources .   Scientific  and  technical 
breakthroughs,  generated  in  Intramural  Programs,  the  MAN  Laboratory  or  by 
NIH  grantees  can  be  readily  accelerated  towards  clinical  application  by  the 
system  which  has  been  built  up  over  the  past  three  to  four  years.   There  were 
two  major  breakthroughs  in  hepatitis  research  during  FY  1974.   First,  was  the 
finding  of  a  DNA-dependent  polymerase  in  the  core  of  the  Dane  particle, 
giving  added  evidence  that  the  Dane  particle  is  the  hepatitis  B  virion. 
Second  was  the  demonstration  using  immune  electronmicroscopy  that  a 
parvo-like  virus  is  the  cause  of  hepatitis  A.   These  findings  should  lead 
to  a  new  generation  of  tests  that  will  help  reduce  the  problems  of 
hepatitis  A  and  B. 


The  Antiviral  Substances  Program  is  continuing  the  clinical  evaluation  in 
man  of  exogenous  interferon  and  adenine  arabinoside  in  the  treatment  of 
various  herpes  virus  infections.   Results  of  these  studies  and  a  prior  study 
to  evaluate  poly  I -poly  C  in  treatment  of  herpes  virus  keratoconjunctivitis 
are  incom.plete  at  this  time.   Program  has  maintained  a  network  of  interrelated 
projects  on  reagents,  production  methodology,  assay  systems  and  animal  models 
for  screening  promising  antiviral  drugs.   Significant  progress  was  made  in 
production  methodology  for  exogenous  interferon  and  the  development  of  a 
sensitive  reliable  assay  system  for  measuring  interferon. 
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The  projects  in  the  Bacterial  Vaccine  Program  are  in  various  stages  of 
progress.   The  pneumococcal  pneumonia  vaccine  study  is  in  the  final  stages 
of  evaluation. . .field  trials  are  underway  and  should  be  completed  within 
two  years  .   The  bacterial  meningitis  vaccine  program  has  progressed  to  the 
point  of  major  field  trials... a  decision  on  this  will  be  forthcoming  in  the 
fall  of  1974.   There  will  be  a  field  trial  of  an  inactivated  mycoplasma 
vaccine  in  marine  recruits  in  the  summer  and  fall  of  1974.   At  the  same 
time,  other  candidate  mycoplasma  vaccines  including  temperature  sensitive 
mutants  are  being  studied  in  the  Institute's  Laboratory  of  Infectious 
Diseases.   The  streptococcal  vaccine  activities  continue  at  the  same  limited 
pace  since  their  initiation  in  FY  1968.   Current  efforts  are  focused  on 
continued  funding  of  the  efficacy  studies  using  available  M  protein  and 
limited  studies  on  obtaining  more  effective  antigens  through  research  on 
improved  methods  for  purifying  streptococcal  M  proteins.   Projects  in 
venereal  disease  and  otitis  r.edia  have  just  been  initiated. 


The  Viral  Vaccine  Program  includes  studies  on  candidate  vaccines  for 
respiratory  syncytial  (RS)  virus  and  parainfluenza  virus  infections.   Previous 
efforts  included  rubella,  rhinoviruses ,  and  vaccinia.   The  rubella  and 
adenovirus  studies  resulted  in  the  development  of  successful  vaccines;  the 
rhinovirus  effort  has  been  abandoned  and  results  of  the  study  to  determine 
an  optimum  dose,  route  and  vaccine  strain  for  smallpox  immunization  are 
still  being  evaluated. 
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Unexpected  technical  problems,  including  paradoxical  responses  to  inactivated 
vaccines,  have  limited  progress  on  development  of  successful  vaccines  for 
RS  and  parainfluenza  infections.   Since  these  viruses  are  causes  of  serious 
respiratory  infections  in  children,  efforts  are  continuing  with  emphasis  on 
genetic  manipulation  of  the  viruses  to  produce  stable,  attenuated  mutants 
for  further  testing  as  candidate  vaccines. 
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Geographic  Medicine  Branch 

The  Geographic  Medicine  Branch  includes  two  major  spheres  of  activity;  the 
U.S. -Japan  Cooperative  Medical  Science  Program  and  the  International  Centers 
for  Medical  Research  (ICMR)  Program. 


Contracts  in  the  U.S. -Japan  Program  support  research  resources  activities, 
vaccine  development  and  evaluation  and  projects  to  evaluate  drugs  in  the 
treatment  of  leprosy  and  parasitic  diseases.   Malnutrition  contracts  are 
administered  in  conjunction  with  the  National  Institute  of  Arthritis, 
Metabolism,  and  Digestive  Diseases  (NIAMDD) . 
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In  the  Cholera  Program  technical  problems  with  the  production  of  a 
satisfactory  cholera  toxoid  have  been  resolved.   The  toxoid  is  now  ready  for 
testing  in  U.S.  volunteers  prior  to  shipping  the  material  to  Bangladesh  for 
a  full  field  trial  beginning  in  July  1974.   Dr.  Willard  F.  Verwey  has  been 
appointed  as  Director  of  the  Cholera  Research  Laboratory  and  will  assume 
duties  the  first  of  June  1974.   The  program  is  also  directing  new  efforts 
towards  studying  the  magnitude  of  diarrheal  disease  due  to  E.  coli  and  toward 
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possible  future  development  of  immunizing  agents. 

The  Tuberculosis  Program  has  provided  valuable  resources  in  the  form  of 
cultures  and  purified  protein  derivatives  (PPD) ,  and  has  administered  a 
program  to  fractionate  and  define  components  of  M  tuberculosis .   This  is 
expected  to  lead  to  better  immunizing  agents  or  improved  diagnostic  methods 
for  detecting  infections. 

As  a  result  of  NIAID  collaborative  support  of  a  study  of  leprosy  in  a 
Pingelapese  population,  it  appears  that  acedapsone  (DADDS)  has  a  beneficial 
effect  in  suppressing  the  disease  and  its  spread. 

Through  the  Parasitic  Diseases  Program,  the  Geographic  Medicine  Branch 
continues  to  provide  researchers  with  animals  infected  with  three  human 
schistosomes  and  also  makes  available  vectors  and  animal  hosts  experimentally 
infected  with  filarial  parasites.   Other  efforts  include  those  aimed  at 
establishing  cell  lines  from  the  snail  host  of  Schistosoma  mansoni ■   Success 
in  these  efforts  has  made  possible  cultivation  of  larval  stages  of  S^.  mansoni 
itself.   These  resources  and  the  complementary  developmental  studies  should 
open  new  opportunities  for  studying  and  controlling  parasitic  diseases. 

The  Virus  Diseases  Program  has  essentially  completed  its  studies  on  dengue 
virus  with  latest  results  indicating  differences  in  the  ability  of  various 
strains  of  Aedes  albopictus  to  transmit  dengue  virus  infection.   Current 
emphasis  in  the  program  is  focused  on  development  of  improved  post-exposure 
rabies  vaccines  and  on  improved  potency  tests  to  measure  their  effectiveness 
in  vitro . 

The  Malnutrition  Program,  operated  conjointly  with  the  NIAMDD  sponsored  a 
Conference   entitled  "The  Latent  Effects  of  Malnutrition  and  Infection 
During  Pregnancy  as  Determinant  of  Growth  and  Development  of  the  Child." 
Among  such  discussions  at  the  Conference  were  the  significance  of  asymptomatic 
bacterial  infection  during  pregnancy.   A  program-sponsored  study  has  suggested 
that  bladder  stones  may  be  the  outcome  of  malnutrition  in  Thailand.   It 
was  also  demonstrated  in  Thailand  that  pneumonia,  otitis  media,  gastro 
infections  and  susceptibility  to  hepatitis  B  are  also  related  to 
malnutrition.   The  program  produced  a  comprehensive  reference  entitled 
"Food  Composition  Table  for  use  in  East  Asia." 


The  newest  Panel  in  the  U.S. -Japan  Program  deals  with  Environmental 
Mutagenesis  and  Carcinogenesis.   They  are  focusing  on  the  potential  danger 
of  AF-2,  a  nitrofuron  compound  commonly  used  in  food  products  in  Japan. 
Included  in  their  work  is  an  assay  system  using  drosophila  as  an  indicator 
of  mutagenic  and  carcinogenic  activity. 

The  International  Centers  for  Medical  Research  (ICMR)  Prograir.  which  supports 
four  centers  through  the  grant  mechanism  is  currently  being  reviewed  as  part 

of  the  five  year  cycle.   During  the  past  year  the  Johns  Hopkins  University 
Center  has  moved  its  off-shore  laboratory  from  Calcutta  to  Dacca,  Bangladesh 


and  the  University  of  Maryland  which  has  its  primary  site  in  Lahore,  West 
Pakistan  is  now  phasing  out  a  field  unit  established  in  Salvador,  Brazil 
which  had  been  established  in  FY  1971.   The  University  of  California 
and  Tulane  University  remain  in  Kuala  Lumpur,  Malaysia  and  in  Call, 
Colombia,  respectively. 
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RESEARCH  RESOURCES  BRANCH 
PROGRAM  STATUS  REPORT 

The  Research  Resources  Branch  (RRB)  conducts  a  program  for  the  support  of  re- 
search by  the  production,  testing  and  distribution  of  a  wide  range  of  seed 
viruses,  mycoplasma,  allergens  and  corresponding  antisera  to  research  scien- 
tists.  The  branch  identifies  reagents  for  which  a  critical  need  exists,  has 
these  produced  through  the  contract  mechanism,  distributes  them  as  reference 
reagents  and  disseminates  information  and  technical  advice  on  reagent  character- 
ization and  use. 

Enteroviruses 

Seven  additional  Lim  Benyesh-Melnick  intersecting  typing  pools  (J-P)  were  pro- 
cessed and  packaged  during  th?  past  year.   These  new  reagents  are  presently 
being  tested  by  the  certification  laboratory  and  will  subsequently  be  added  to 
an  array  of  eight  other  pools  (A-H)  presently  being  distributed.   These  pools 
receive  wide  distribution  and  continue  to  be  an  important  adjunct  to  the 
rapid  identification  of  members  of  this  important  group  of  viruses. 

There  are  sixty-eight  enteroviruses  now  available  for  distribution  as  sets  of 
seed  virus  and  antiserum  preparations.   The  past  production  activities  have 
resulted  in  this  complete  set  of  recognized  serotypes  and  in  the  future  pro- 
duction of  new  serotypes  will  be  undertaken  only  when  appropriate.   A  new 
candidate  serotype  (enterovirus  69)  Toluca-1  is  in  production  under  an  inter- 
agency agreement  with  the  Center  for  Disease  Control  (CDC) .   Following  assay  by 
the  certification  laboratory  it  will  receive  wide  distribution  for  verification 
of  its  uniqueness.   The  certification  laboratory  continues  to  be  located  at  the 
California  State  Department  of  Public  Health  and  in  addition  to  certification 
activities  is  also  involved  in  the  identification  of  new  types  and  testing  re- 
lated to  the  long  term  storage  behavior  of  selected  reagents. 

Arboviruses 
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The  major  objective  of  this  program  element  is  rapidly  nearing  completion, 
i.e.,  the  production  of  seed  virus  and  monospecific  antibody  preparations  for 
those  arboviruses  of  demonstrated  or  potential  importance  to  disease  on  the 
North  American  continent.   The  certification  laboratory  for  this  program  is 
located  at  the  Yale  Arbovirus  Research  Unit  and  serves  as  an  independent  source 
of  data  for  verifying  production  specifications  and  adding  other  pertinent  data 
to  fully  characterize  and  catalog  the  bulk  and  packaged  materials  supplied  by 
other  contractors. 


During  the  past  year  two  production  contractors  completed  reagents  for  St.  Louis 
Encephalitis,  Russian  Spring  Summer  Encephalitis,  Japanese  B  Encephalitis,  Powas- 
san,  Semliki  Forest,  Piry,  Mucambo,  Venezuelan  Equine  Encephalomyelitis  (Fla.), 
Dengue  2,  and  Dengue  3  viruses.   During  FY75  one  production  contractor  will  pro- 
duce reagents  for  Lymphocytic  choriomeningitis,  Bocas,  Dengue  1,  and  Dengue  4; 
it  is  anticipated  that  these  reagents  will  complete  the  array  of  single  virus 
sets  for  the  arbovirus  collection. 
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This  program  also  supports  the  Catalog  of  Arthropod-Borne  Viruses  of  the 
World  through  an  interagency  agreement  with  the  CDC  at  its  Ft.  Collins,  Colo- 
rado Laboratory  for  Ecological  Investigations.   This  is  a  very  useful  mechanism 
whereby  research  laboratories  exchange  information  on  new  as  well  as  established 
arboviruses.   This  activity  currently  has  more  than  320  viruses  catalogued  and 
there  are  approximately  150  participating  laboratories  throughout  the  v7orld. 
RRB  will  support  the  publication  of  a  formal  published  catalog  of  these  viruses 
during  FY75.   Support  will  be  provided  through  the  interagency  agreement  with 
CDC  and  the  principal  investigator.  Dr.  Trygve  Berge,  will  serve  as  editor- 
in-chief. 

During  FY74  the  production  of  three  mosquito  blood  meal  antisera  were  com- 
pleted.  These  were  for  the  identification  of  three  taxonomic  groups  of 
birds  (heron,  pigeon,  and  sparrow/starling)  and  the  reagents  are  being  assayed 
by  a  recently  established  certification  laboratory  at  the  Florida  Department 
of  Health's  Entomology  Laboratories  in  Vero  Beach.   During  FY75  three  additional 
order-specific  sera  (reptilian,  amphibian,  and  chicken)  will  be  made  and  will 
complete  the  array  of  such  sera. 

The  Mammalian  Identification  Service  at  the  Smithsonian  Institution  will  no 
longer  receive  support  from  RRB  at  the  end  of  the  current  period.   In  the 
past  this  laboratory  has  provided  a  central  source  for  taxonomic  identifications 
for  investigators  conducting  field  and  laboratory  studies.   Primarily  this 
service  was  used  by  laboratories  in  Central  and  South  America  and  resulted  in 
several  sicentific  papers  and  keys  which  will  now  serve  as  a  permanent  source 
of  classification  information. 

Rhinoviruses 

The  contractor  at  the  Children's  Hospital  Research  Center  of  Ohio  has  provided 
data  that  there  is  an  expanding  array  of  serotypes  of  viruses  within  this 
group  going  beyond  the  three  phases  presently  described.   Based  on  this  infor- 
mation, production  of  sets  of  seed  viruses  and  antisera  will  be  terminated 
with  the  expiration  of  the  one  remaining  production  contract  at  the  University 
of  Wisconsin.   This  will  result  in  reagents  for  Phases  I  and  II  for  a  total 
of  89  viruses. 

The  certification  laboratory  is  at  the  University  of  Vermont  and  this  laboratory 
provides  the  data  necessary  to  characterize  all  reagents  in  both  bulk  and 
packaged  forms.   The  certification  laboratory  is  also  involved  in  preparation 
of  data  for  the  rhinoviruses  in  catalog  format.   It  is  anticipated  that  the 
certification  contractor  will  complete  all  work  during  FY75. 

Myxovirus 


For  the  second  consecutive  year  no  seed  viruses  or  antisera  were  produced  for 
any  of  the  myxoviruses.   However,  a  contract  for  the  production  of  monospecif- 
ic antisera  for  all  the  known  neuraminidases  and  hemagglutinins  of  the 
influenza  viruses  of  man  and  animals  has  entered  into  its  second  year.   Work 
on  these  sera  is  proceeding  on  schedule  and  at  the  completion  of  production 
investigators  will  have  available  monospecific  antisera  for  eight  neuramini- 
dases and  fifteen  hemagglutinins  for  use  as  reference  reagents  in  support  of 
their  studies  in  research  and  epidemiology. 
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A  previously  acquired  small  supply  of  a  synthetic  neuraminidase  substrate 
2-3' (methoxyphenyl)-N-acetyl-a-neuraminic  acid  (MPN)  was  rapidly  committed. 
This  substrate  made  possible  a  direct  colorimetric  assay  of  this  enzyme  of 
great  importance  in  the  study  of  the  influenza  virus.   No  commercial  source 
of  the  material  is  available,  therefore,  the  award  of  a  second  contract  is 
imminent  to  provide  20  g  of  MPN  to  fulfill  an  established  and  continuing 
need  for  this  reagent. 

Adenovirus  and  Adenovirus  Associated  Viruses  (AAV) 
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During  FY74  no  production  activity  was  in  effect  for  these  viruses.   However, 
RRB  did  sponsor  a  Workshop  on  Parvoviruses  that  was  chaired  by  Dr.  M.  David 
Hoggan  of  LVD,  NIAID.   This  workshop  brought  together  24  scientists  for  a 
two-day  meeting  to  allow  them  to  assess  progress  and  devise  new  approaches 
to  research  on  this  diverse  group  of  organisms.   The  AAV,  the  virus  of  non- 
bacterial gastroenteritis  and  hepatitis  A  will  have  greatest  interest  to  RRB. 

During  early  FY75  this  program  element  will  acquire  antisera  to  three  sero- 
types of  AAV,  through  cooperation  with  Dr.  Hoggan,  and  these  will  complete 
the  array  of  reagents  for  these  viruses. 
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Herpesviruses 

During  FY74  the  Research  Resources  Branch  sponsored  a  workshop  on  these 
viruses  to  identify  the  need  for  and  feasibility  of  producing  reagents.   This 
meeting  was  attended  by  65  investigators  who  heard  24  formal  presentations 
about  these  important  viruses.   Primary  interest  and  discussion  centered 
around  herpes  simplex  types  1  and  2,  the  cytomegalovirus,  and  the  Epstein- 
Barr  virus.   The  final  report  of  this  meeting  will  serve  as  a  guideline  for 
Branch  Consultants  as  they  develop  an  expanded  program  for  these  viruses 
early  in  FY75. 

Hepatitis 

Research  Resources  Branch  in  cooperation  with  the  Infectious  Diseases  Branch 
sponsored  a  Workshop  on  Hepatitis  B  during  FY74.   This  afforded  the  oppor- 
tunity for  53  researchers  to  meet  and  discuss  various  aspects  of  their  work 
including:  antigenic  subtypes,  the  characterization  of  the  Dane  particle,  the 
biological  characterization  of  the  infectious  unit  and  immunohistochemical 
assays. 

Two  additional  hepatitis  B  reagents  were  acquired  for  distribution  during 
FY74.   The  AEC-MAN  laboratory  produced  a  rabbit  anti-HBg/adr  antiserum  and 
the  Bureau  of  Biologies,  FDA  provided  a  rhesus  monkey  antiserum  reactive 
against  the  core  components  of  the  Dane  particle.   These  augment  the  subtype 
reagents  previously  acquired  and  expand  the  array  to  cover  the  following 
antigens:   HBgAg/adw,  HB^Ag/ayw,  HBgAg/adr,  and  HB^Ag. 

Developments  with  hepatitis  A  are  being  closely  monitored  to  identify  the  need 
for  and  opportunity  to  produce  reference  reagents  for  themewl^^-demonstrated 
virus. 
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Allergens 

During  the  last  month  of  FY74  it  is  anticipated  that  work  on  the  production 
of  antigens  E,  K,  and  Ra3  from  20  kilograms  of  short  ragweed  pollen  will  be 
completed,  the  antigens  packaged,  and  distribution  begun  early  in  FY75.   These 
materials  are  being  prepared  and  packaged  for  distribution  as  an  Investigational 
New  Drug.   These  antigens  should  serve  an  established  need  for  such  materials 
for  a  prolonged  period  of  time. 

A  contract  for  the  extraction  and  packaging  of  Group  Antigens  I,  II,  III  from 
10  kilograms  of  ryegrass  pollen  has  been  in  effect  for  nearly  one  year. 
Technical  problems  have  been  encountered  when  scaling  up  the  procedures  from 
laboratory  to  production  operations  and  presently  the  work  is  behind  the 
initial  time  estimates.   It  is  anticipated,  however,  that  the  products  will 
be  acquired  during  FY75. 

A  contract  with  Alpha  Gamma  Laboratories  for  the  production  of  2  liters  of  a 
polyvalent  antiserum  against  the  antigens  of  ragweed  pollen  is  nearing  com- 
pletion.  When  packaged  for  distribution  this  antiserum  will  provide  a  long- 
term  reference  material  for  serologic  assay  of  the  predominant  antigens  in 
this  pollen  of  importance  to  allergic  disease. 

The  allergen  Asc-1  from  Ascaris  suum  has  been  demonstrated  to  produce  high 
levels  of  IgE  in  laboratory  animals  and,  therefore,  is  of  importance  to 
allergy  research.   Accordingly,  Research  Resources  Branch  awarded  a  contract 
to  the  University  of  Western  Ontario  to  produce  500  mg  of  this  material. 
Work  is  proceeding  on  schedule  and  delivery  is  expected  midway  through  FY75. 

Award  of  two  additional  contracts  associated  with  the  RRB  allergen  program 
is  anticipated  during  the  last  month  of  FY74.   One  contract  is  to  produce  an 
antiserum  against  human  IgE.   This  reference  reagent  will  be  particularly 
useful  to  laboratories  conducting  the  radioallergosorbent  (RAST)  test  as  a 
research  and  diagnostic  assay  for  allergic  diseases.   The  second  contract  for 
award  will  be  to  establish  a  central  allergen  certification  laboratory  to 
serve  as  a  long-term  facility  for  the  expanding  allergen  program  of  the 
Branch. 

AEC-:NIAID  Molecular  Anatomy  Program  (MAN) 

The  Rockville  Laboratory  of  the  MAN  Program  is  currently  in  its  fifth  year  of 
operation  as  a  cooperative  project  of  the  National  Institute  of  Allergy  and 
Infectious  Diseases  (NIAID)  and  the  U.S.  Atomic  Energy  Commission  (AEC) . 
The  major  objective  of  this  program  remains  the  development  of  methods  for 
isolating  viruses  and  viral  antigens  and  the  application  of  these  techniques 
to  research  on  associated  diseases.   The  training  of  NIAID  intramural  scien- 
tists and  contractors  in  the  research  application  of  specialized  instrumen- 
tation developed  by  the  MAN  program,  particularly  the  zonal  centrifuge,  is  an 
important  aspect  of  the  laboratory's  mission. 

Current  research  programs  of  the  Rockville  laboratory  include:  (1)  immuno- 
chemical characterization  of  the  recognized  subtypes  of  hepatitis  B  antigen 
(HBgAg) ,  (2)  preparation  of  subtype-specific  hepatitis  B  reagents  for  the 
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RRB ,  (3)  the  use  of  HBgAg-specif ic  DNA  polymerase  as  a  marker  of  hepatitis  B 
virus  infectivity  and  characterization  of  the  DNA  product  of  the  polymerase 
enzyme,  (4)  development  of  a  zonal  centrifuge  purified  and  inactivated  tri- 
valent  parainfluenza  vaccine,  (5)  isolation  and  characterization  of  structural 
antigenic  components  of  Respiratory  Syncytial  Virus  (RSV)  and  its  temperature 
sensitive  mutants,  and  (6)  biophysical  studies  with  the  virions  associated 
with  hepatitis  A  and  non-bacterial  gastroenteritis. 

The  most  significant  single  finding  by  this  program  during  FY74  related  to 
the  studies  of  DNA  polymerase  activity.   DNA  polymerase  activity  was  detected 
in  each  of  eight  preparations  of  concentrated  human  HBAg  rich  in  Dane  particles 
prepared  by  high-speed  centrifugation  of  antigen-positive  human  plasma  and  in 
none  of  seven  control  preparations  prepared  in  the  same  way  from  HBAg-negative 
plasma.   The  incorporation  of  -^H-thymidine-methyl-5 '-triphosphate  into  DNA 
was  dependent  on  four  deoxyribonucleoside  triphosphates  and  MgCl2.   Treatment 
of  the  concentrated  HBAg  preparations  with  the  nonionic  detergent  Nonidet  P-40 
(NP40)  more  than  doubled  the  enzyme  activity.   Fractionation  of  the  concen- 
trated HBAg  preparation  in  sucrose  density  gradients  after  treatment  with 
NP40  revealed  that  the  enzyme  activity  appeared  within  the  density  range  of 
Dane  core  antigen  but  at  a  slightly  higher  density  than  the  average  for  core 
antigen.   The  only  particles  observed  by  electron  microscopy  in  this  region 
of  the  gradient  were  typical  28-nm  cores,  suggesting  that  the  DNA  polymerase 
activity  was  associated  with  a  subpopulation  of  cores.   No  DNA  polymerase 
activity  was  found  in  purified  20-nm  HBAg  particles.   The  DNA  product  of  the 
reaction  remained  associated  with  the  llOS  core  and  was  not  susceptible  to 
DNase  digestion  when  associated  with  the  core.   Inhibition  of  the  reaction  by 
actinomycin  D  and  dauaomycin  suggested  that  the  reaction  was  dependent  on  a 
DNA  template  associated  with  the  core.   These  findings  are  consistent  with 
the  hypothesis  that  the  42-nm  Dane  particles  are  hepatitis  B  virions. 

Research  and  development  at  Oak  Ridge  in  support  of  the  Rockville  laboratory 
includes  continuing  efforts  to  increase  the  efficiency  and  biocontainment 
of  zonal  centrifuge  separations,  to  optimize  automated  recycling  immunoad- 
sorption  chromatography  systems  for  mass  production  of  specific  antibodies  or 
purification  of  trace  antigens,  and  to  investigate  new  ultra-sensitive  modes 
of  antigen  detection. 

Processing  and  Distribution  of  Reagents. 

In  addition  to  the  various  program  elements  detailed  above,  RRB  also  dis- 
tributes reagents  for  mycoplasmas,  coronaviruses ,  reoviruses,  and  interferons. 
In  past  years  RRB  also  had  a  collection  of  simian  viruses  but  during  late  FY73 
donated  this  collection  to  the  WHO  International  Reference  Center  for  these 
viruses  at  the  Southwest  Foundation  for  Research  and  Education.   The  RRB 
reagent  collection  now  includes  738  individual  reagents.   The  repository  and 
distribution  contract  remains  at  Flow  Laboratories,  Rockville,  Md.  and  a 
tabular  record  of  distribution  by  that  facility  since  FY68  follows: 
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m^^mm 
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FISCAL 

YEAR 

TOTAL 

TRANSACTIONS 
391 

TOTAL 

AMPS  & 

VIA 

1968 

31 

.776 

1969 

402 

15 

,805 

1970 

474 

26 

,242 

1971 

638 

12 

902 

1972 

572 

21 

,801 

1973 

575 

19 

,181 

1974 

(9 

mor 

Lths) 

381 

8 

,345 

VIALS  DISTRIBUTED 


During  the  first  three  quarters  of  FY74  the  distribution  of  reagents  by 
groups  was  as  shown  in  Table  I. 

The  processing  contractor  is  the  American  Type  Culture  Collection  and  work 
is  now  proceeding  at  the  optimal  rate.  This  contract  is  a  key  part  in  the 
RRB  program  since  the  expertise  of  the  processing  laboratory  is  relied  on  to 
prevent  degradation  of  reagent  quality  during  processing.  Results  of  this 
contract  are  satisfactory  and  the  contractor  has  solved  all  problems  cited 
in  the  FY73  Annual  Report. 
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TABLE  I 
RESEARCH  RESOURCES  BRANCH 
DISTRIBUTION  OF  SPECIFIC  VIRUS  GROUPS 
July  1,  1973  -  March  31,  1974  -  (3/4  year) 


#  of 

Items 

SHIPMENTS 

AMPOULES 

Avail.  (%  of 

%  of  # 

Inventory) 

Virus  Group 

#  of 

%  of 

#  of 

Distributed 

62 

(8.4) 

Adenovirus 

12 

3.1 

191 

3.5 

154 

(20.9) 

Arbovirus 

16 

4.2 

104 

1.9 

229 

(31.0) 

Enterovirus 

66 

17.3 

797 

14.7 

6 

(.8) 

Hepatitis 

64 

16.8 

306 

5.7 

15 

(2.0) 

Herpesvirus 

9 

2.4 

23 

.4 

5 

(.7) 

Interferon 

60 

15.7 

101 

1.8 

55 

(7.5) 

Mycoplasma 

25 

6.6 

362* 

6.6 

63 

(8.5) 

Myxovirus 
Paramyxovirus 

and  related 

39 

10.2 

246 

4.6 

4 

(.6) 

Ragweed 

30 

7.9 

144 

2.6 

6 

(.8) 

Reovirus 

4 

1.1 

21 

.4 

139 

(18.8) 

Rhinovirus 

11 

2.9 

201 

3.7 

Combinations 

45 

11.8 

2,909 

54.1 

Figures  based  on  381  shipments 

5405  ampoules  shipped  (excludes  testing,  packaging,  and  WHO) 

*Does  not  include  one  WHO  shipment  totaling  2940  ampoules. 
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TRANSPLANTATION  AND   IMMUNOLOGY  BRANCH 
PROGRAM  STATUS  REPORT 


During  fiscal  year  1974,  approximately  2.4  million  dollars  were  spent  on 
contracts  and  agreements  in  support  of  Transplantation  and  Immunology 
Programs.     The  goals  of  the  contract  program  are  to  develop  and  coordinate 
methods,  procedures,  and  resources  to  enhance  research  in  transplantation  and 
immunology  and  to  develop  and  utilize  new  procedures  for  the  evaluation  and 
monitoring  of  such  programs.     These  efforts  can  be  considered  to  fall    into 
six  general   program  categories. 

I.     Reagents  and  Techniques  Program 

Since  its   inception  in  19f5,  much  progress  has  been  made  by  the 
Collaborative  Transplantation  and  Immunology  Program  in  developing  the 
methodology  for  histocompatibility  typing  and  ir>  making  quality  reagents 
available.     The  nine  contracts   in  this  field  are  to:     compare  various 
tissue  typing  techniques;  develop  new  typing  techniques  that  are  simpl3r 
or  more  accurate  than  those  currently  employed;  produce  a  continuing 
supply  of  high-quality  histocompatibility  typing  sera;  conduct  research 
directed  at  discovering  new  antigen  specificities;  and,  to  provide  other 
reagents  used  in  immunology  research. 

Refinements  of  typing  techniques  have  been  studied  by  four  contractors. 
A  comparison  of  cross-matching  techniques  is  underway  to  determine  the 
most  reliable  procedure.     A  controlled  study  of  the  efficacy  of  lympho- 
cytotoxicity  and  fluorochromasia  techniques  has  been  completed.     The 
platelet  complement  fixation  test  has  been  shown  to  be  a  simple,  easily 
readable  typing  technique,  which  can  be  automated.     The  importance  of 
mixed  lymphocyte  culture  reactions  in  the  matching  of  donors  and  recipients 
is  being  evaluated,  as  are  several  other  procedures  designed  to  detect 
immunologic  discrepancies  between  individuals.     Neutrophil   specific 
antigens  have  been  discovered;  antisera  have  been  produced,  and  made 
available  for  study  in  bone  marrow  and  other  transplants.     Improved 
techniques  and  reagents  have  resulted  in  the  discovery  of  new  histo- 
compatibility antigens.     Several   of  the  typing  contractors  have  made 
contributions   in  this  area. 

The  NIAID  typing  serum  bank  currently  contains  over  1,300  sera  with  a 
total   volume  of  268  liters.     Additions  to  the  bank  in  FY '74  included  78 
sera  obtained  by  contracts  from  four  laboratories,  72  donated  by  users 
of  the  bank  and  17  purchased  outright  by  the  Branch.     Seven  typing 
laboratories  performed  quality  control   analyses  of  the  sera  prior  to  their 
acquisition  for  the  bank,  thereby  increasing  the  quality  of  the  sera  in 
the  bank.     Usage  of  the  bank  remained  heavy  with  1,275  shipments  to  314 
investigators  during  FY '74. 

Through  the  use  of  a  standardized  tray  and  uniform  lymphocytotoxicity 
typing  techniques,  a  continuing  effort  is  made  to  maintain  the  quality  of 
reagents  and  the  reproducibility  of  laboratory  results.     Over  19,000  trays 
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were  delivered  to  over  116  U.S.   laboratories  for  clinical   organ  typing 
during  FY'74.     Significant  improvements  in  the  clinical   typing  trays 
have  been  made  by  increasing  the  number  of  sera  from  60  to  72,  now 
defining  32  specificities. 

Work  continued  during  FY'74  to  produce  and  distribute  trays  filled  with 
lymphocytes  from  well -characterized  individuals.     These  will   provide  a 
standard  profile  of  histocompatibility  antigens  for  use  in  quality 
control   of  sera,  and  for  the  assessment  of  patient's  sensitization. 

Other  immunological    reagents  have  been  produced  by  TIB  contractors;  human 
complement  components  and  inhibitors  have  been  made  available  to 
qualified  investigators,  as  have  soluble  mouse  histocompatibility  antigens 
(described  in  Section  V).     In  addition,  a  new  contract  is  under  considera- 
tion to  produce  rabbit  monospecific  human  HL-A  xenoantisera. 

II .     Evaluation  of  Tissue  Matching  in  Renal   and  Bone  Marrow  Transplantation 

Although  it  has  been  demonstrated  that  histocompatibility  matching  improves 
the  chances  for  success  in  living  related  kidney  transplants,  no  conclu- 
sive data  have  been  obtained  concerning  the  importance  of  matching  in 
transplants   involving  cadaver  kidneys.     Although  preliminary  reports  are 
encouraging,  they  deal  with  small   numbers  of  transplants,  with  little 
clinical   data,  and  with  incomplete  typing  information.     A  very  large 
investment  is  being  made  by  the  NIAID  and  a  number  of  other  government 
agencies  in  providing  reagents  and  services  to  type  for  the  estimated 
2,000  cadaver  kidney  transplants  which  are  performed  each  year  in  the 
U.S.  when  there  is  a  paucity  of  information  concerning  the  importance  of 
such  a  procedure.     With  this  in  mind,  the  Advisory  Transplantation  and 
Immunology  Committee  of  the  NIAID  recommended  that  a  study  be  under- 
taken which  would  determine  the  importance  of  histocompatibility  matching. 


At  the  present  time,  there 
centers  involving  32  hospi 
participating  in  the  study 
centers  representing  four 
have  been  adopted,  transpl 
and  an  instruction  manual 


study  protocol  was  prepare 
study,  detailing  the  relat 
and  adopting  standards  for 


are  under  contract  six  regional    transplant 
tals  and  a  statistical   data  management  center 

Plans  are  underway  to  add  two  additional 
hospitals  to  the  program.     Data  collection  forms 
ant  registrars  have  been  appointed  and  trained, 
has  been  prepared  for  use  by  the  registrars.     A 
d  establishing  objectives  and  design  of  the 
ionships  of  various  participants  in  the  study, 

laboratory  and  clinical   data. 


All   the  15  laboratories  participating  in  the  study  have  been  tested  for 
their  proficiency  in  tissue  typing  and  certified. 

Committees  and  subcommittees  of  the  participating  investigators  have  been 
formed,  and  a  Policy  Advisory  Board  established  to  provide  overall  advice 
to  the  program. 
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Finally,  the  collaborative  study  became  operational  with  the  input  of 
all   transplants  occurring  after  January  1,  1974. 

The  program  will  amass  approximately  2,000  well -studied  kidney  transplants 
during  1974-1976.     Two  additional  years  of  patient  follow-up  and  one 
additional  year  of  data  analysis  will   be  required  with  publication  of  the 
final   report  in  Spring  1980.     It  is  expected  that  this  will   be  the 
definitive  study  on  the  significance  of  tissue  matching  in  renal   transplan- 
tation. 
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Bone  marrow  transplantation  h 
for  a  number  of  hematologic, 
diseases.     The  key  to  clinica 
ling  the  immunologic  factors 
rejection  of  the  host  by  the 
study  include  HL-A  serotyping 
leukocyte  culture,  cell -media 
and  mixed  antiglobulin  reacti 
matching  are  evaluated. 


as  been  shown  lo  be  a  promising  treatment 
neoplastic,  and  immunologic  deficiency 
1   success  lies  in  understanding  and  control- 
involved  in  rejection  of  the  graft,  or 
graft  (GVH).     Techniques  presently  under 
, family  typing  (genetic  studies),  mixed 
ted  lympholysis,  neutrophil   agglutination, 
ons.     These  procedures  for  donor  recipient 


III.     Anti lymphocyte  Globulin  Program 

The  Branch  provides  funds  for  a  double-blinded  study  of  Rabbit  Anti -human 
Thymus  Globulin   (RAHTG).     One  hundred  cadaver  kidney  transplant  patients 
are  treated  with  either  RAHTG  or  a  rabbit  globulin  placebo  in  a  study 
designed  to  determine  the  efficacy  of  the  RAHTG  in  preventing  renal 
graft  rejection.     This  RAHTG  has  been  shown  to  be  effective  in  prolonging 
skin  or  kidney  grafts  in  subhuman  primates.     This  is  a  joint  project 
with  the  Naval   Medical   Research  Program  which  developed  the  RAHTG  and  the 
University  of  California,  San  Francisco  where  the  clinical   trials  are 
underway.     The  RAHTG  being  tested  was  developed  with  funds  provided  to 
the  Navy  by  the  Branch  an:!  animal   testing  was  conducted  with  contract 
funds  at  Bionetics  Laboratories.     TIB  funds  provide  for  the  collection  and 
analysis  of  data  and  for  the  conduct  of  special   irmiunologic  tests  to  study 
patient  immune  responses.     The  absence  of  severe  toxicity  in  any  of  the 
patients  treated  to  date  speaks  for  the  safety  of  the  products  used  in 
the  study.     Since  this  is  a  double-blinded  study,  no  information 
concerning  efficacy  will   be  available  until   all   patients  have  been  entered. 
This  phase  of  the  study  should  be  completed  by  September  1974.     Patients 
will   then  be  followed  for  a  minimum  of  two  years  to  determine  long-term 
effect  and  toxicity.     This  study,  which  is  the  first  to  use  the  double- 
blinded  randomized  technique  in  a  large  number  of  patients,  will   serve  to 
evaluate  the  predictability  of  the  subhuman  primate  model    m  the  selection 
of  an  active  anti  lymphocyte  preparation  of  human  use.     The  use  '.f  a 
single  institution  with  a  standardized  protocol   limits  the  number  of 
variables  seen  in  many  clinical   studies. 
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IV.  Regulation  of  Immune  Responsiveness 

During  the  past  nine  years,  the  Transplantation  and  Immunology  Branch 
contracts  program  have  been  directed  primarily  toward  drugs  and  histo- 
compatibility matching  as  a  means  for  preventing  or  overcoming  graft 
rejection.     It  may  be  prevented  by  careful   selection  of  the  donor  to 
avoid  introducing  a  foreign  antigen  into  the  recipient.     In  actual 
practice,  because  of  the  multiplicity  of  antigens  involved  in  histo- 
compatibility, the  chances  of  finding  a  perfect  match  when  a  cadaver 
donor  is  used  are  extremely  poor.     With  the  proliferation  of  organ 
exchanging  programs  and  standardization  of  reagents  through  the  NIH  Tray 
Program,   the  numbers  of  four  antigen  matches  for  cadaver  donor  transplants, 
will   hoepful ly  be  increased.     The  problem  of  rejection  in  the  mismatched 
transplants  will   remain. 

In  1968  a  study  was  started  to  evaluate  new  drugs  with  potential   immuno- 
suppressive activity.     New  tecnniques  were  developed  and  evaluated  whicli 
were  useful    in  testing  humoral   and  cellular  immune  responses.     These 
studies  which  were  terminated  during  FY'74,  demonstrated  the  activity  of 
several   of  the  new  antitumor  drugs. 

An ti lymphocyte  serum  or  globulin  has  been  claimed  to  be  effective;  the 
TIB  controlled  study  now  underway  should  help  clarify  the  effectiveness 
of  this  biological   immunosuppressant.     Current  drugs,  while  useful,  are 
very  toxic,  producing  marrow  depression  and     therefore  pan-immunosuppres- 
sion.     Chronic  administration  of  high  doses  of  steroids  often  produces 
the  attendant  complications  of  hypercortisonism. 

In  1972,  a  meeting  was  held  at  Brook  Lodge  to  review  the  state  of  the 
art  of  immunologic  manipulation  employed  in  various  animal  models  to 
prevent  the  recipient  of  grafts  from  reacting  to  foreign  histocompati- 
bility antigens.     These  "immunological    tricks"  were  applied  prior  to 
the  onset  of  graft  rejection  and  thereby  attacked  the  problem  of  antigen 
recognition  and  suppression  of  cellular  and  humoral   immune  response  to 
foreign  substances.     After  reviewing  the  state  of  the  art,  the 
Transplantation  and  Immunology  Committee  recommended  the  establishment  of 
a  contract  program  to  investigate  new  methods  to  regulate  immune 
responsiveness.     The  Advisory  Committee  reviewed  48  responses  to  a  sources 
sought  announcement  and  recommended  that  15  laboratories  be  asked  to  sub- 
mit proposals.     From  the  13  responses  received,   six  proposals  were 
recommended  for  awards.     These  contractors  will   study  the  utility  of  a 
variety  of  procedures  designed  to  alter  humoral   and  cellular  responsiveness. 

V.  Immunopathology  Program 

The  Transplantation  and  Immunology  Branch  has  had  a  contract  with  the 
Scripps  Clinic  and  Research  Foundation  since  1968  to  provide  immuno- 
pathologic  diagnostic  facilities  for  transplant  programs  throughout  the 
United  States.     Since  the  inception  of  this  program,   renal   tissue  and/or 
sera  from  nearly  2,700  patients  have  been  submitted  for  study.     During 
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the  past  year,  661   renal   specimens  a 
were  submitted  by  65  contributing  in 
radio-immunoassay,  and  antigen  eluti 
glomerulobasement  membrane  (GBM)   tub 
immune  complexed  antibodies,  and  the 
the  various  complexed  antibodies,  an 
for  the  various  nephri tides.     These 
significantly  to  the  understanding  o 
throughout  the  country.     This  contra 
immunopathologically  the  mechanism  o 
is  due  to  a  recurrent  nephritis,  the 
complexes  in  the  renal   glomeruli   or 
incompatibility  reaction.     This  has 
ment  of  patients  with  renal   fjilure 


nd  576  serum  samples  from  704  patients 
stitutions.     Immunofluorescent, 
on  studies  are  used  to  detect  anti- 
ular  basement  membrane   (TBM)  and, 

etiologic  agents  responsible  for 
d  the  etiologic  agents   responsible 
procedures  have  contributed 
f  disease  in  many  nephritis  patients 
ctor  has  been  able  to  differentiate 
f  graft  failure,  i.e.  whether  failure 

deposition  of  circulating  inmune 
tubules,  or  to  an  immunologic  histo- 
facilitated  the  diagnosis  and  treat- 


Current  investigations   in  a  rabbit  transplant  rejection  model   using 
eluted  antigens  from  the  glomeruli   and  tubules  are  intended  to  elucidate 
the  role  of  these  antigens   in  initiating  nephritis  and  their  mechanism 
of  causing  rejection.     These  basic  studies  are  employed  to  acquire 
knowledge  of  the  pathogenesis  of  kidney  disease.     These  investigations 
should  result  in  a  better  understanding  of  human  kidney  disease. 

VI .     Publications  and  Conference  Support 

As  part  of  its  information  program,   the  Branch  prepares  an  annual   updating 
of  the  Catalog  of  Tissue  Typing  Antisera.     Tfie  last  issue  of  this  Catalog 
was  distributed  to  approximately  700  serum  users   in  August  1973.     The 
900  page  Catalog  of  over     1,300  sera  in  the  Institute's  Bank  lists   the 
availability  of  sera  together  with  information  submitted  from  190  users. 
This  includes  reports  of  specificity,  utility,  titers  and  the  frequency 
of  reactions  for  various  t^acial   groups.     This  is  the  only  such  document 
available  and  is  u~ed  throughout  the  world  by  transplantation  i 

immunologists,  geneticists,  hematologists,  and  scientists  investigating 
the  role  of  these  antigens  in  a  variety  of  diseases.     The  Manual   of 
Tissue  Typing  Techniques  revised  during  this  fiscal  year,  contains 
current  information  on  the  various  tests  which  are  used  in  tissue 
typing  and  was  distributed  to  investigators  and  used  in  tissue  typing 
courses.     The  P.ranch  also  provides  catalogs  of  other  reagents  including 
H-2  (mouse)  antisera,  complement  components,  and  soluble  antigens. 

Contract  funds  provide  partial   support  for  the  planning  and  conduct  of 
the  Fifth  International   Congress  of  the  Transplantation  Society  which 
will   be  held  in  Israel   in  August  1974.     Funds  have  been  provided  for 
a  February  meeting  of  surgeons  and  nephrologists   in  Columbus,  Ohio  to 
discuss  techniques  and  the  problems  encountered  in  the  pulsatile  perfusion 
of  cadaver  kidneys.     A  workshop  was  held  in  April    in  St.   Louis,  Missouri 
where  more  than  300  laboratory  workers  discussed  new  techniques  for  typing 
and  procedures  for  freezing  viable  lymphocytes  to  be  used  in  histocompati- 
bility typing. 
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INFECTIOUS  DISEASE  BRANCH 
Program  Status  Report 

The  Infectious  Disease  Branch  (IDB)  actively  supports  research  efforts  in 
five  program  areas:   Influenza,  Hepatitis,  Antiviral  Substances,  Bacterial 
Vaccines,  and  Viral  Vaccines.   In  support  of  these  activities,  there  are  a 
number  of  general  vaccine  evaluation  contracts  which  test  potential  vaccines 
from  more  than  one  of  these  program  areas.   These  contracts  are  identified, 
with  the  proportion  of  effort  and  dollar  allocation  derived  from  each  com- 
ponent program,  in  the  individual  contract  tabvilation  tables. 

VACCINE  DEVELOPMENT  AND  VACCINE  EVALUATION  CENTEES 

The  goal  of  these  programs  is  to  develop  vaccines  for  prevention  of  serious 
infectious  diseases  for  which  adequate  vaccines  are  not  now  available. 
Program  areas  include  influenza  virus  vaccines,  other  viral  vaccines,  and 
bacterial  vaccines.   Rutgers  University  is  developing' live  virus  mutants  to 
respiratory  syncytial  virus  (RSV)  and  parainfluenza  virus  types  1,  2  and  3 
for  use  as  vaccines.   Flow  Laboratories  continues  to  prepare  and  safety  test 
the  vaccines  developed  by  Laboratory  of  Infectious  Diseases  (LID)  scientists 
and  will  also  prepare  and  safety  test  virus  mutants  developed  by  Rutgers 
University. 

The  IDB  has  emphasized  two  kinds  of  vaccine  evaluation  centers:   General 
study  centers  where  the  principal  investigator  has  interest  and  expertise  in 
the  broad  area  of  vaccine  evaluation,  and  special  study  centers  where  the 
principal  investigator  has  a  primary  interest  in  evaluating  a  particular  type 
of  vaccine.   Included  in  our  general  study  centers  are  the  University  of 
North  Carolina,  D.  C.  Children's  Hospital,  Baylor  College  of  Medicine, 
Vanderbilt  University,  University  of  Colorado  and  the  University  of  Rochester. 
Each  of  these  contracts  is  performing  studies  under  at  least  two  of  the 
vaccine  program  areas,  and  some  of  them  are  involved  in  sill  three  vaccine 
program  eireas . 

INFLUENZA  PROGRAM 

The  establishment  of  a  fonaal  program  on  influenza  within  the  Infectious 
Disease  Branch  of  Collaborative  Research  began  in  FY  19TU.   Acting  within  the 
framework  of  recommendations  from  the  Influenza  Steering  Group  and  the 
Infectious  Disease  Committee,  the  IDB  began  expanding  research  efforts  on  the 
viral  disease  that  has  been  referred  to  as  the  "last  plague  of  mankind".   The 
long  range  goal  of  the  Infectious  Disease  Branch  Influenza  Program  is  to 
support  research  activities  leading  to  knowledge  that  will  abort  or  lessen 
the  impacts  of  future  epidemics  and  pandemics.   Areas  of  IDB  research  support 
are  being  closely  coordinated  with  other  agencies  of  the  Government  (partic- 
ularly BoB,  CDC,  and  Army)  in  order  to  avoid  overlap  or  duplication  of 
efforts.   In  addition,  much  of  the  ciirrent  IDB  program  is  directly  related 
to  the  efforts  of  the  intramural  program  in  the  development  ajid  evaluation 
of  an  attenuated  vaccine. 

Progress  of  the  program  during  the  past  year  includes  the  following: 
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Workshops :   The  Influenza  Steering  Group  held  two  workshops  during  FY  197'+. 
The  workshops  assessed  the  current  knowledge  of  animal  influenza  and 
influenza  virus  genetics.   Information  derived  from  these  workshops  will  he 
used  for  program  planning  and  identify  possible  areas  for  contractual  support. 

Vaccine  Development  and  Evaluation:   During  the  past  year  continued  studies 
were  conducted  with  the  attenuated  influenza  A  virus  vaccine  [Hong  Kong 
(H3N2)  ts-l-E],  developed  by  the  NIAID's  Laboratory  of  Infectious  Diseases. 
The  vaccine  was  tested  in  various  pediatric  populations  at  Children's 
Hospital,  D.C.,  Vanderbilt  University,  and  the  University  of  North  Carolina 
(Phase  I  studies).   The  ts  mutant  appeared  safe  and  immunogenic  with  no 
illnesses  resulting  from  vaccination. 

Because  of  the  antigenic  drift  of  the  surface  antigens  of  subsequent 
epidemic  influenza  A  virus,  the  ts  characteristic  has  been  transferred  to 
A/England/72  (H3N2).   Vaccines  of  various  clones  of  the  ts-l-E  recombinants 
were  prepared  by  Flow  Laboratories.   Trials  conducted  with  normal  adults  at 
the  University  of  Rochester  indicated  that  one  clone  was  underattenuated 
and  one  clone  was  overattenuated.   These  studies  strongly  indicate  that  the 
ts  lesions  are  polygenic  and  that  various  degrees  of  virulence  will  accompany 
the  ts  recombinants.   Further  evaluation  of  the  London  recombinants  will  be 
conducted  in  young  adult  volunteers  at  the  University  of  Virginia  and  of 
Rochester  University. 

In  order  to  learn  the  nature  of  the  ts  lesions  of  the  various  attenuated 
influenza  A  mutants  and  recombinants.  Dr.  Robert  Simpson,  Rutgers  University, 
was  awarded  a  contract  to  investigate  and  define  the  genetic  and  biochemical 
defects  of  the  viruses.   In  addition  to  sponsoring  the  study  on  genetic 
analysis  of  the  viruses,  the  IDB  is  in  the  process  of  awarding  a  contract  for 
development  of  an  in_  vitro  assay  for  degrees  of  attenuation  for  influenza 
viruses.   There  is  evidence  that  ciliary  activity  of  tracheal  organ  cultures 
can  be  correlated  with  degrees  of  virulence  of  mutagenized  or  recombinant 
influenza  viruses.   Such  an  assay  would  be  invaluable  for  selection  of  future 
live  vaccine  recombinants  as  antigenic  drift  or  shift  dictate  production  of 
recombinants  with  different  surface  antigens. 

An  experimental  inactivated  influenza  vaccine  (monospecific  for  the  neuramin- 
idase surface  antigen)  is  ciirrently  being  evaluated  in  phase  I  challenge 
studies  at  Baylor  University.   The  concept  of  "infection  permissive"  vaccines 
for  long  lasting  immunity  is  being  actively  investigated  by  the  IDB  influenza 
program,  since  preliminary  results  need  further  substantiation. 

Pediatric  populations  are  not  considered  "high  risk"  populations  for 
influenza,  but  the  morbidity  among  school  children  is  very  high.   To  this  end, 
it  would  be  desirable  to  break  the  transmission  chain  of  influenza  by  inducing 
immunity  in  this  population.   The  c\irrent  inactivated  influenza  vaccines  are 
not  recommended  for  children  because  of  systemic  reactogenicity.   There  is, 
however,  evidence  that  the  various  components  of  the  influenza  virus  retain 
antigenicity  and  inmunogenicity  when  properly  isolated.   Dr.  Robert  Webster, 
St.  Jude  Children's  Hospital,  is  currently  investigating  the  feasibility  of 
developing  a  protein  subunit  vaccine  for  pediatric  populations.   This  research 
has  just  been  initiated  and  it  is  expected  to  take  several  years  before 
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evaluation  of  this  approach  can  occur. 

Trnmunology :   Various  aspects  of  the  immunological  response  to  live  and 
inactivated  influenza  vaccines  are  being  conducted  at  the  Baylor  College  of 
Medicine,  the  University  of  Virginia,  and  the  University  of  Rochester.   There 
is  a  paucity  of  definitive  data  on  protective  mechanisms  from  influenza 
infection,  and  these  contractors  are  attempting  to  define  the  host's  response 
to  this  agent. 

There  are  numerous  questions  which  remain  to  he  answered  on  the  pathogenesis, 
epidemiologic,  and  immunologic  aspects  of  influenza.   The  IDB  is  in  the 
process  of  establishing  an  Influenza  Research  Center  which  would  provide 
expertise  in  these  areas  and  seek  answers  to  these  questions.   In  the  event 
of  a  pandemic  in  the  late  nineteen-seventies ,  the  data  accvmiulated  from  such 
a  center  should  contribute  to  a  better  \inderstanding  of  the  disease  and 
methods  for  protecting  against  or  controlling  future  pandemics.   The 
complementation  of  the  research  center  ajid  studies  conducted  at  the  general 
vaccine  evaluation  centers  provide  a  firm  foundation  for  a  coordinated 
effort  in  influenza  research. 

HEPATITIS  PROGRAM 

The  goal  of  the  hepatitis  program  is  to  support  research  activities  leading 
to  the  control  of  hepatitis  A  and  B  infections.  Major  emphasis  is  being 
placed  on  studies  of  hepatitis  B  infection  since  recent  knowledge  of  hepatitis 
B  antigen  (HB  Ag)  and  antibody  (anti-HB  )  characteristics  has  made  it  possible 
to  better  define  this  disease.   The  projects  supported  were  initiated  after 
careful  Institute  planning,  which  included  a  series  of  workshops  on  hepatitis 
B  subtypes,  ajiimal  models,  imm\ine  complexes  and  hepatitis,  immunization  and 
epidemiology.   The  recent  demonstration  of  the  causative  agent  of  hepatitis  A 
by  immunoelectronmicroscopy  in  infectious  materiaJ.  has  produced  an  impetus 
for  studies  with  this  virus,  and  several  preliminary  experiments  involving 
this  agent  will  also  be  integrated  into  this  progress  report. 

Epidemiology:   In  order  to  help  identify  "high  risk"  populations  for  future 
passive  or  active  immtmization  trials,  the  IDB  is  supporting  two  epidem- 
iological studies.   The  first  is  a  collaborative  effort  with  the  Center  for 
Disease  Control  (CDC)  to  determine  to  what  degree  hemodialysis  patients  and 
staff,  and  family  contacts  of  these  patients  can  be  classified  as  "high  risk". 
These  studies  (involving  two  separate  hemodialysis  units)  include  identifica- 
tion of  infecting  source,  method  of  spread,  prevalence  and  incidence  of 
infection  and  illness,  and  incubation  period  of  the  disease.   To  date,  the 
data  represent  a  point  prevalence  study  of  patients  and  dialysis  assistants 
from  March  1973  -  February  197^ >  and  demonstrate  that  a  marked  difference 
in  both  previous  hepatitis  B  infection  and  continuous  exposure  to  hepatitis  B 
infection  for  all  categories  of  study  participants  seems  to  exist  in  Atlanta 
as  contrasted  with  Mississippi.   The  great  majority  of  these  hepatitis  B 
infections  appear  to  be  vmassociated  with  evidence  of  clinical  or  subclinical 
illness  and  appear  to  be  associated  with  exposvures  which  occiir  in  the 
dialysis  unit  setting,  primarily  involving  contact  with  blood  and  dialysis 
equipment.   A  partial  explanation  for  the  greater  association  of  hepatitis  B 
infection  with  the  Atlanta  unit  may  be  the  continuing  large  exposure  to 
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hepatitis  B  antigen  on  that  iinit  in  the  form  of  a  niimber  of  persistently 
antigen  positive  renal  dialysis  patients. 

The  point  prevalence  study  of  patients,  staff,  and  household  memhers  at  the 
time  of  enrollment  failed  to  show  any  relationship  between  evidence  of 
hepatitis  infection  and  age,  sex  distribution,  previous  blood  transfusions, 
presence  of  shunt  or  fistula,  history  of  hepatitis,  etc.   However,  such 
factors  as  race  (patients  with  previous  evidence  of  hepatitis  B  infection 
were  more  likely  to  be  black),  length  of  hemodialysis  before  entering  the 
study,  assisting  patients  with  dialysis  and  duration  of  contact  with  hemo- 
dialysis patients  all  seem  to  contribute  to  the  risk  of  hepatitis  B  infection. 

The  frequency  of  prior  contact  with  HBgAg  positive  patients  and  staff  as  a 
risk  factor  for  development  of  hepatitis  B  infection  suggests  a  positive 
correlation;  i.e.,  the  more  exposure  to  potentially  infectious  patients  and 
staff,  the  greater  the  risk  of  HBgAg  infection. 

This  study  has  not  been  in  progress  long  enough  to  establish  the  risk  of 
hepatitis  associated  with  such  factors  within  the  unit  such  as  sharing  by 
patients  of  dialysis  equipment,  environmental  sanitation,  technique  and 
hygenic  habits  of  staff,  etc. 

The  second  epidemiologic  study  supported  by  the  NIAID  is  being  conducted  at 
West  Seneca  State  School,  Buffalo,  New  York.   Although  this  contract  was 
awarded  in  June   1973,  actual  investigations  were  begun  in  September  1973. 
Initial  screening  for  HBgAg  and  anti-HBg  in  approximately  1,000  residents  and 
staff  members  indicated  that  10^  of  the  residents  were  HBgAg  positive  and 
kk%   were  positive  for  anti-HBg.   The  prevalence  rate  of  anti-HBg  in  school 
staff  was  PM'   and  no  staff  members  were  positive  for  HBgAg.   These  observa- 
tions suggest  a  high  prevalence  of  prior  exposui-e  to  HBsAg  in  this  popxilation. 
However,  it  should  be  pointed  out  that  a  significant  proportion  of  the 
population  {hQ%   of  residents  and  7k%   of  staff)  have  no  serologic  evidence 
of  infection  as  demonstrated  by  the  absence  of  HBsAg  and  anti-HBs  activity 
in  the  serum.   The  acquisition  of  hepatitis  B  infection  appeared  to  be 
related  to  a  niimber  of  factors,  in  particular,  to  the  duration  of  residence 
at  the  institution.   Close  stirveillance  is  being  maintained  on  new 
admissions  to  the  school,  but  the  study  has  not  been  in  progress  long  enough 
to  detennine  the  incidence  of  infection. 

Passive  Immunization:   In  FY  1973  the  NIAID,  in  collaboration  with  the 
Veterans  Administration  (VA)  hospitals,  initiated  studies  to  determine  if 
high-titered  anti-HBs  gamma  globulin  can  prevent  or  modify  hepatitis  B 
infection  in  persons  experiencing  accidental  parenteral  exposure  to  this 
disease  (Needlestick) .   Normal  gamma  globulin  preparations  have  little  or  no 
effect  in  preventing  icteric  hepatitis  B  infection.   Preliminary  evidence 
from  other  studies  suggests  that  gamma  globulin  containing  anti-HBs  might  be 
effective  in  preventing  hepatitis  B.   To  date  22U  subjects  have  been  ran- 
domized into  the  study.   Based  on  an  anticipated  incidence  of  30^  of  icteric 
hepatitis  in  the  control  group,  53^  subjects  would  have  to  be  randomized 
into  the  study  to  yield  meaningful  data.   However,  only  five  cases  of  HBgAg 
positive  icteric  hepatitis  have  been  observed  thus  far,  suggesting  that  risks 
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from  parenteral  exposures  are  not  as  severe  as  previously  suspected.   This 
is  a  double-blind  study,  however,  but  the  Operations  Committee  of  the  VA 
Hepatitis  Cooperative  Studies  periodically  review  the  data  (not  blinded)  and 
have  recommended  continuation  of  subject  randomization  indicating  that  useful 
data  are  still  being  accumulated. 

The  NIAID  is  also  collaborating  with  the  VA  Hospitals  on  a  post-transfusion 
study  (PTS  II),  administering  either  conventional  low-titer  or  high-titer 
anti-HBs  to  determine  if  these  preparations  lower  the  incidence  of  hepatitis 
B  infections.   It  was  anticipated  that  1,000  entries  into  this  study  would 
be  required,  and  5l8  have  been  randomized  to  date.   The  randomization  rate 
is  as  expected,  so  no  diffictilties  are  anticipated  in  obtaining  significant 
data  in  the  reference  time  frame.   This  is  also  a  double-blind  study  so  no 
results  are  currently  available. 

The  gamma  globulin  preparations  for  the  above  studies  were  procxired  by  the 
NIAID  from  Cutter  Laboratories. 

Animal  Models :   Progress  is  continuing  in  characterizing  the  agent  of 
hepatitis  B  in  animal  models.   The  general  susceptibility  of  primates  to 
hepatitis  B,  as  recognized  by  antibody  to  HBgAg,  appears  to  parallel  the 
phylogenetic  scale,  with  those  primates  closest  to  man  being  the  most  sus- 
ceptible, notably  the  chimpanzee  and  the  rhesus  moakey. 

Further  studies  with  hepatitis  B  (subtype  adw)  adapted  to  rhesus  monkeys 
have  suggested  that  the  infectious  agent  is  not  as  stable  as  previously 
suggested.   Infectivity  of  agent  for  rhesus  monkeys  was  (eliminated)  by 
100,  80,  60,  and  50  C  for  1  hoiir,  but  the  agent  was  stable  at  37  C  for  1  hour. 
The  virus  was  inactivated  by  lipid  solvents,  detergents  and  acids.   Formalde- 
hyde {1%,   1  hour),  Wescodyne  {l%,  1   hour)  and  Chlorox  {l%,  1   ho\ir)  destroyed 
infectivity  of  the  virus,  but  Roccal  {l%,   1   hour)  did  not  inactivate  HBV 
for  rhesus  monkeys . 

Pathogenesis  studies  of  hepatitis  B  in  chimpanzees  has  been  a  collaborative 
effort  of  the  LID,  IDB,  CDC,  and  FDA.  As  a  result  of  these  studies,  the 
chimpanzee  has  been  shown  to  respond  to  hepatitis  B  virus  infection  virtually 
identically  the  same  as  man.   For  example,  incubation  period  for  the  disease 
varies  from  I9-6U  days  before  detection  of  HBsAg,  liver  function  tests  (SGPT 
and  SGOT)  become  elevated,  and  anti-HBs  develops. 

Pedigreed  pools  of  infectious  HBV  have  been  derived  from  chimpanzees  and 
will  serve  as  challenge  pools  for  futiire  active  immunization  tests. 

Since  data  derived  from  animal  models  thus  far  suggest  the  antibodies  to  the 
coat  protein  (HBsAg)  of  the  HBV  are  protective,  an  inactivated  experimental 
vaccine  has  been  prepared  (subtype  ayw)  and  has  been  inoculated  into 
chimpanzees  at  the  Holloman  Chimpanzee  Colony.   After  appropriate  serological 
monitoring  for  six  months,  the  chimpanzees  will  be  challenged  with  pedigreed 
HBV  to  determine  efficacy  of  the  vaccine. 

The  IDB  is  currently  procuring  200  liters  of  HBsAg-rich  plasma  for  future 
use  in  potential  vaccine  preparations.   The  various  components  present  in 
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the  plasma  (coat,  core,  DANE  particle)  will  be  separated  out  and  evaluated 
as  possible  immunogens.   The  separations  will  be  performed  by  the  MAN 
Laboratory  (RRB  contract).   Future  trials  of  potential  vaccine  candidates 
will  be  conducted  in  chimpanzees  for  safety,  antigenicity,  and  efficacy 
before  considering  use  of  such  immunogens  in  man. 

Because  the  marmoset  (Saguinus  mystax)  has  been  shown  to  be  susceptible 
to  hepatitis  A  infection,  the  NIAID,  CDC,  and  FDA  are  cooperating  to 
establish  and  maintain  a  marmoset  colony.   Such  a  colony  will  ensure  small 
animals  for  future  hepatitis  A  studies.   Preliminary  experiments  recently 
conducted  have  suggested  that  the  chimpanzee  can  be  infected  with  hepatitis  A 
and  will  serve  as  an  animal  model  for  this  virus. 

Immunohistochemical  Assays :   Currently  one  of  the  most  sensitive  techniques 
for  the  detection  of  HBV  antigens  in  tissue  consists  of  immunohistochemical 
assay  procedures.   In  FY  '73  the  NIAID  established  a  contract  for  applying 
immunohistochemical  assay  techniques  to  the  detection  of  hepatitis  B  antigens, 
particularly  in  primate  specimens  from  animals  involved  in  hepatitis 
infections.   Results  from  these  studies  have  contributed  greatly  to  the 
concept  that  the  DANE  particle  is  indeed  the  virion  of  hepatitis  B.   By 
using  highly  specific  reagents.  Dr.  Edgington,  Scripps  Clinic  and  Research 
Foundation,  has  shown  that  the  core  particle  is  produced  in  the  nucleus 
of  the  hepatocytes  and  that  the  coat  antigens  are  synthesized  in  the  cyto- 
plasm.  The  complete  DANE  particle  is  found  in  the  hepatocyte  nucleus, 
cytoplasm   and  plasma. 

Testing  Laboratory:   The  NIAID  currently  supports  the  Hepatitis  Testing 
Laboratory  at  the  American  Red  Cross.   The  laboratory's  function  is  to  test 
for  hepatitis  antigens  and  antibodies  by  the  most  sensitive  techniques  avail- 
able.  Tests  available  include  subtype  identification,  radioimmunoassay 
procedures  for  antigen  and  antibody,  and  passive  hemagglutination  tests. 
During  the  past  year,  the  laboratory  has  performed  hepatitis  B  antigen  and 
antibody  tests  for  the  NIAID  hepatitis  programs,  and  also  for  the  hepatitis 
programs  of  other  NIH  Institutes  and  the  Food  and  Drug  Administration.  An 
additional  function  of  the  laboratory  is  to  aid  in  the  standardization  of 
methods  for  detecting  hepatitis  antigens  and  antibodies. 


ANTIVIRAL  SUBSTANCES  PROGRAM 


There  are  many  viral  diseases  for  which  there  is  no  prophylaxis  or  therapy 
presently  available  and  which  constitute  serious  public  health  problems. 
There  is,  therefore,  a  need  for  the  development  of  antiviral  substances  for 
the  treatment  of  these  diseases.   Planning  for  a  program  to  help  meet  this 
need  began  in  July  1969-   At  that  time  a  thorough  study  of  the  field  revealed 
that  there  was  considerable  increasing  interest  in  this  area  f.nd  that  inter- 
feron or  interferon  inducers  were  the  most  promising  antivirals  to  exploit. 
This  continues  to  be  the  case,  although  more  recently  there  have  been  a 
number  of  case  histories  published  which  indicate  that  adenine  arabinoside 
(Ara-A)  and  iodedeoxyuridine  (IDU)  have  been  effective  agai-.ist  herpes 
encephalitis  and  other  serious  viraJ.  diseases.  The  program  continues  to  be 
alert  to  new  developments  emanating  from  scientist-originated  basic  research 
so  as  to  properly  provide  the  needed  stimulus  to  hasten  the  field  by  applying 
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this  knowledge  to  practical  use  in  man.  The  general  intent  of  the  program 
is  to  serve  as  a  focus  for  all  activities  on  antivirals  conducted  by  Extra- 
mural, Intramural  and  Collaborative  Research  of  the  National  Institute  of 
Allergy  and  Infectious  Diseases  and  to  some  extent,  other  Institutes  of  the 
National  Institutes  of  Health. 

Following  the  advice  of  ad  hoc  committees  and  the  Infectious  Disease 
Committee,  there  has  been  a  gradual  shift  of  emphasis  toward  more  clinical 
studies,  as  some  of  the  original  goals  in  basic  studies  to  fill  some  of  the 
gap  areas  are  accomplished.   There  are  also  increased  efforts  in  the  area  of 
antivirals  other  than  interferon,  as  witness  studies  on  Ara-A  and  IDU.   The 
studies  currently  being  pursued  include  the  following: 

Interferon  Assay:   In  order  to  support  and  expedite  research  in  the  area  of 
interferon,  studies  were  undertaken  to  develop  more  rapid  quantitative 
standardized  assays.   A  variety  of  parameters  involved  in  the  assay  systems 
were  studied,  and  the  information  obtained  did  lead  to  considerable  reduction 
in  the  time  required  for  the  performance  of  these  assays.   A  rapid  assay 
system  utilizing  the  cytopathogenic  effect  (CPE)  in  plastic  trays  with 
several  wells  has  been  developed.   This  new  assay  quantitates  the  interferon 
in  the  test  solution  by  measuring  the  resultant  neuraminidase  yield-reduction 
of  the  viral  challenge.   This  system  can  be  modified  and  used  to  measure  all 
types  of  interferon.   During  this  last  contract  year  this  contractor 
(Medical  College  of  Wisconsin)  has  concentrated  on  simplifying  the  technique 
so  that  all  manipulations  for  the  assay  can  be  done  in  the  same  tube,  from 
cell  seeding  to  final  spectrophotometric  reading.   This  is  possible  because 
of  the  new  synthetic  neuraminidase  substrate  (methoxyphenol-neuramic  acid) 
provided  by  the  Research  Resources  Branch.   This  simplified,  rapid  and 
sensitive  assay  will  provide  a  needed  common  assay  for  all  interferon  investi- 
gators so  that  results  can  be  more  readily  compared. 

Standards  and  Reagents:   In  collaboration  with  the  Research  Resources  Branch, 
the  ASP  has  successfully  established  reference  reagents  for  rabbit  interferon, 
mouse  interferon,  and  interferon  inducers  [polyinosinic-  polycytidylic  acid 
(poly  I -poly  C)].   The  two  interferon  preparations  (rabbit  and  mouse)  were 
originally  prepared  in  the  wet  frozen  state.   The  ASP  has  now  made  available 
lyophilized  preparations  of  mouse  interferon  and  also  human  interferon. 
These  reagents  have  undergone  standardization  analyses  and  unitage  assigned 
which  properly  corresponds  to  the  originaJL  materials  established  as  the 
standards .   A  new  contract  has  been  awarded  so  that  the  remaining  wet  frozen 
interferon  (rabbit)  can  be  prepared  in  the  lyophilized  state.   This  procedure 
requires  some  innovative  techniques  since  all  interferons  have  proven 
difficult  materials  to  work  with  in  respect  to  their  stability  and  resistance 
to  manipulation.  A  separate  contract  to  produce  highly  specific  antisera  to 
mouse  and  human  interferon  is  continuing.  Antiserxim  to  mouse  interferon  has 
been  produced  in  rabbits  and  distributed  to  various  workers  in  the  field. 
Use  of  this  reagent  has  helped  to  prove  that  there  are  two  types  of  interferon 
produced  in  the  mouse  model.   Use  of  this  antiserum  has  also  aided  in  develop- 
ing purification  methods  for  interferon  using  affinity  chromatography.  Work 
on  the  production  of  specific  antisera  to  human  interferon  should  yield  a 
product  ready  for  distribution  by  the  end  of  this  contract  year.  An  important 
by-product  of  this  contract  has  been  the  identification  of  the  miiltiple 


59 


A 


< 

a 


\  \ 


■^ 


S 


K  < 


Jt« 


I 


I 


f   » 


1    i 

1 


types  of  Interferon,  e.g.,  antisera  developed  to  human  diploid  cell  inter- 
feron and  to  h\iman  leucocyte  interferon  indicate  that  the  two  interferons 
have  antigenic  differences. 

Purification:   If  exogenous  interferon  is  to  be  used  in  man,  there  is  a 
need  for  purification  and  concentration.   The  ultimate  goal  would  be 
purification  to  the  extent  that  the  chemical  structure  can  be  defined  and 
eventually  interferon  manufactured  synthetically.   Currently  studies  on 
purification  of  human  interferon  are  being  conducted  through  a  collaborative 
effort  involving  NIAMDD  and  both  intramural  and  collaborative  components  of 
NIAID.   The  use  of  affinity  chromatography  techniques  utilizing  specific 
interferon  antisera  has  proven  very  useful  in  these  studies .   A  new  contract 
has  been  initiated  to  determine  the  most  effective  way  of  maintaining  the 
stability  of  purified  interferon.   Purification  studies  have  indicated  that 
these  studies  are  needed  since  the  interferon  loses  activity  with  purifi- 
cation. 

Production:   If  interferon  proves  effective  in  the  treatment  of  human  viral 
diseases,  two  methods  of  administration  axe  available:   the  administration 
of  exogenous  interferon,  produced  in  vitro,  or  endogenous  interferon  through 
the  use  of  inducers.   For  the  former  there  is  a  need  for  the  development  of 
a  technique  which  will  provide  a  more  efficient,  safe  and  economically 
feasible  method  of  producing  large  quantities  of  human  interferon.   A  wide 
variety  of  cells  have  been  tested  to  determine  their  relative  capacity  to 
produce  interferon  using  a  series  of  inducers.   There  is  very  little  differ- 
ence between  cells  in  their  ability  to  produce  interferon,  but  human  amnion 
cells  and  foreskin  fibroblast  diploid  cells  are  the  most  promising.   Two 
contracts  are  supported  in  this  area,  one  to  develop  better  production 
methodologies,  including  superinduction  (NYU).   This  contract  continues  to 
be  very  productive.   They  also  provide  crude  human  diploid  cell  interferon 
for  p\irification  studies.  A  second  contract  (Lee  Mac)  is  for  the  application 
of  these  techniques  to  large  scale  production  utilizing  a  unique  cyto- 
generator.   Success  of  the  production  contracts  is  indicated  in  the  interests 
expressed  by  commercial  manufacturers  who  are  contemplating  production.   The 
program  is  also  supporting  work  in  the  evaluation  of  interferon  inducers 
which  may  have  clinical  potential;  these  include  biological  inducers  and 
poly  I -poly  C  lysine  complex. 

Animal  Models:   As  part  of  the  effort  to  develop  potential  antivirals  for 
clinical  use,  a  series  of  animal-viral  disease  models,  which  closely  mimic 
diseases  in  man,  were  established.   This  constitutes  the  Cooperative  Anti- 
viral. Testing  Group  of  the  ASP.   The  models  selected  encompass  as  wide  a 
range  of  animal  species  and  viruses  as  possible  with  the  exception  of  the 
non-human  primate.   Utilizing  these  models,  comparative  in  vivo  evaluation  of 
various  antivirals   which  show  some  promise  as  prophylactic  and/or 
therapeutic  agents  is  possible.   The  mode  and  dose  of  infection  have  been 
selected  so  as  to  approximate  the  natural  mode  of  infection  as  much  as 
possible.   Baseline  data  continue  to  be  acciimulated  using  interferon 
(exogenous  and  endogenous),  and  this  will  then  serve  as  the  reference  for 
comparison  of  new  antivirals  as  they  develop.   If  any  one  of  these  compounds 
proves  to  be  efficacious  and  non-toxic,  hvman  studies  can  be  considered. 
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Clinicail  Studies:   The  state  of  the  art  has  progressed  to  the  point  where 
some  clinical  trials  are  now  underway  and  several  others  could  be  initiated. 
This  is  occasioned  by  better  production  methodologies  for  exogenous  inter- 
feron; sufficient  studies  to  show  high  levels  of  exogenous  human  interferon 
are  not  toxic,  and  also  the  development  of  a  more  effective  inducer 
(poly  I-poly  C  lysine  complex).  A  study  to  evaluate  poly  I. poly  C  against 
herpes  keratoconjunctivitis  has  been  completed  and  the  data  currently  being 
evaJ-uated. 

Exogenous  human  leucocyte  interferon  is  being  used  in  prophylactic  studies 
for  the  prevention  of  the  recurrence  of  herpetic  keratoconjunctivitis  in 
patients  who  have  a  history  of  such  a  disease.   It  has  been  shown  that  indi- 
viduals who  have  had  two  episodes  of  herpetic  keratoconjiinctivitis  have  a 
Uo^  chance  of  having  a  recixrrence  within  the  next  two-year  period.   Exogenous 
interferon  is  also  being  studied  in  the  treatment  of  disseminated  herpes 
zoster,  which  is  a  major  problem  in  immunologically  compromised  patients. 
These  studies  were  selected  for  support  because  it  is  anticipated  that 
interferon  will  have  its  most  beneficial  effect  in  disease  states  that  are 
dependent  on  de  novo  viral  replication  for  their  pathogenesis.   Animal  studies 
have  indicated  that  interferon  has  a  definite  role  in  post-exposure  treatment 
of  rabies.   The  results  are  sufficiently  encouraging  to  encourage  clinical 
evaluation. 

Preliminary  studies  in  serious  viral  infections  such  as  herpes  encephalitis 
have  suggested  that  IDU  and  Ara-A  may  have  definite  beneficial  results.   A 
study  at  the  University  of  Alabama  has  therefore  been  developed  to  test, 
in  a  comparative  fashion,  IDU,  Ara-A  and  placebo  to  determine  whether  both 
or  either  of  these  compo\inds  does  indeed  have  clinical  efficacy.   Because 
Ara-A  has  Yeen   shown  to  be  nontoxic  in  man,  it  is  also  being  studied  for  a 
beneficial  effect  against  disseminated  herpes  zoster  and  herpes  virus 
hominis  in  the  immunologically  compromised  patient  where  both  of  these 
viruses  present  serious  problems.   It  is  hoped  that  Ara-A  will  also 
eventually  be  shown  to  be  beneficial  against  neonatal  herpes  and  cyto- 
megalovirus infections,  which  continue  to  be  problems  with  the  newborn. 

BACTERIAL  VACCINE  PROGRAM 

Bacterial  Meningitis  Vaccines:   Two  organisms  (Hemophilus  influenzae  and 
Neisseria  meningitidis )  are  primarily  responsible  for  bacterial  meningitis 
in  young  children  and  infants.   There  is  epidemiological  evidence  that  about 
UO  cases  of  serious  infections  with  H^.  influenzae  per  100,000  and  20  cases 
of  meningococcal  C  meningitis  per  100,000  occ\ir  in  children  between  the 
ages  of  three  months  and  six  years.   Infants  three  months  through  two  years 
of  age  are  at  highest  risk  of  serious  infection.   Effective  immunoprophylaxis 
would  be  of  great  benefit  to  this  segment  of  the  pediatric  population. 

A  candidate  H.  influenzae  type  b  polyribose  phosphate  (PRP)  vaccine  has  been 
developed  by  Drs.  Porter  Anderson  and  David  Smith  at  the  Children's  Hospital 
Medical  Center  in  Boston.   This  group,  as  well  as  the  contractors  at  the 
University  of  Southern  California,  the  University  of  Colorado,  and  the 
University  of  Rochester,  are  performing  clinical  evaluation  studies  of  PRP 
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in  children.   Children's  Hospital,  Boston,  serves  as  a  serological 
reference  laboratory  performing  radioimmunoassays  for  anti-PRP  antibodies 
in  most  sera  obtained  in  these  studies.   The  results  of  clinical  studies 
to  date  indicate  that  PRP  is  immiinogenic  in  children  over  the  age  of  l8  -  2k 
months  but  that  there  is  very  little  response  in  a  substantial  portion  of 
infants  under  one  year  of  age.   The  significance  of  this  lov  level  antibody 
response  in  infants  with  regard  to  protection  is  unknown,  but  many  of  the 
investigators  in  this  field  feel  that  the  low  level  may  be  protective  and 
that  an  adequate  efficacy  trial  of  the  PRP  vaccine  should  be  conducted. 

Clinical  studies  in  children  of  the  groups  A  and  C  meningococcal  poly- 
saccharide vaccines  developed  by  the  Walter  Reed  Army  Institute  of  Research 
are  being  carried  out  by  contractors  at  the  University  of  Connecticut,  the 
University  of  Colorado,  and  the  University  of  Southern  California.   The 
contract  with  Rockefeller  University  supports  a  reference  testing  laboratory 
to  measure,  via  the  radioimmunoassay,  the  antibody  response  in  sera  from 
infants  and  children  immunized  with  groups  A  and  C  meningococcal  poly- 
saccharide vaccines  by  all  the  IDB  contractors  conducting  clinical  evaluation 
of  these  antigens. 

In  general,  results  from  clinical  studies  indicate  that  the  quantitative 
ability  of  infants  to  produce  antibodies  to  the  meningococcal  groups  A  and  C 
polysaccharides  is  a  function  of  age.   Three  month  old  infants  respond 
weaJcly  but  consistently  to  the  group  C  antigen  and  weakly  and  inconsistently 
to  the  group  A  antigen.   Older  infants  (7  -  l8  months)  respond  consistently 
to  both  antigens. 

Results  obtained  by  the  University  of  Connecticut  group  indicate  that 
booster  injections  of  group  C  polysaccharide  given  at  7,  12,  or  l8  months 
to  infants  who  had  received  a  primary  injection  at  three  months  result  in 
decreased  antibody  production,  as  compared  to  a  single  injection  given  at  a 
later  time.   The  A  vaccine  behaves  differently,  and  a  booster  can  be  demon- 
strated at  seven  months  and  one  year  among  children  primarily  immunized  at 
three  months.   This  suggests  that  there  is  more  exposure  of  infants  to  cross- 
reacting  antigens  of  A  than  C  during  the  early  months  of  life. 


Both  meningococcal  vaccines  appear  to  be  well  tolerated  by  infants  with 
very  few  adverse  local  or  systemic  reactions. 

A  meeting  of  the  meningitis  vaccine  contractors  was  held  in  conjunction 
with  the  winter  meeting  (January  21-22,  197^)  of  the  Infectious  Disease 
Committee  and  the  results  of  meningococcal  and  H_.  influenzae  vp.ccine 
clinical  studies  were  presented.   The  consensus  of  the  group  was  that 
clinical  studies  were  nearing  completion  and  that  the  next  step  should  be  a 
large  scale  trial  to  determine  the  efficacy  of  the  vaccines  :n  preventing 
bacterial  meningitis  in  children  and  an  efficacy  trial  of  H_.  influenzae  and 
meningococcal  C  Araccines  has  been  recommended  by  the  Infectious  Disease 
Committee. 


Pneumococcal  Vaccine:  Monovalent  and  polyvalent  vaccines  of  pne\amococcal 
capsular  polysaccharides  have  been  developed  and  clinical  evaluation  studies 
conducted.   Most  of  the  work  on  vaccine  development  and  the  epidemiology 
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of  pneumococcal  infections  has  been  done  through  a  contract  with  the 
University  of  Pennsylvania.   A  vaccine  trial  using  tvo  hexavalent  vaccines 
was  initiated  in  January  1973  at  Dorothea  Dix  Hospital,  Raleigh,  North 
Carolina,  and  data  are  now  available  for  823  of  the  l,08l  participants  in 
the  study.   Approximately  6h%   of  the  participants  are  50  years  of  age  or 
older.   Rather  minor  adverse  reactions  were  observed;  and,  as  a  group,  the 
vaccinees  responded  well  to  each  of  the  12  antigens.   These  vaccinees  will 
be  followed  for  development  of  pneumococcal  infection.   To  date,  of  the  six 
deaths  attributed  to  pneumonia,  three  were  in  the  vaccinees  and  three  were 
in  recipients  of  placebo.   There  has  been  a  decrease  in  the  number  of 
bacteremic  infections  in  this  population  during  the  past  two  -  three  years, 
which  may  affect  the  results  of  this  efficacy  trial.   The  Pennsylvania 
contract  continues  to  serve  as  a  reference  serological  laboratory  using  the 
radioimmunoassay  to  measure  type-specific  antibody  response  to  pneimiococcal 
vaccine.   The  Principal  Investigator,  Dr.  Robert  Austrian,  also  continues 
to  render  scientific-technical  assistance  to  other  pneiunococcal  vaccine 
contractors. 

A  large  scale  trial  is  underway  to  determine  the  efficacy  of  a  dodecavalent 
pnevimococcal  vaccine  in  preventing  type-specific  pneumococcal  pneumonia  and 
its  impact  on  pneumococcal  pneumonia  and  total  respiratory  disease  in  adults 
over  age  U5.   The  study  is  being  done  in  San  Francisco  under  a  contract 
with  Kaiser  Foundation  Research  Institute.   Immunizations  began  in  January 
197^5  and  to  date,  approximately  9,000  people  have  received  injections 
(including  both  vaccine  and  placebo).   Vaccinations  will  continue  until 
10,000  to  15,000  people  are  in  the  study.   So  far,  no  serious  reactions  to 
the  vaccine  have  been  reported. 

An  octavalent  pneumococcal  polysaccharide  vaccine  is  being  evaluated  in 
infants  and  children  in  clinical  studies  at  the  University  of  California, 
San  Francisco.   The  studies  have  indicated  that  immunization  of  infants 
greater  than  six  months  of  age  with  octavalent  vaccine  can  be  accomplished 
with  safety  and  will  result  in  significant  antibody  response.   Infants  less 
than  six  months  of  age  appear,  in  preliminary  studies,  to  respond  less  .well 
to  the  pneumococcal  vaccine  than  the  older  children. 

The  pneumococcal  vaccines  used  in  all  of  the  above  mentioned  studies  were 
produced  under  a  contract  to  Eli  Lilly  &  Co.  which  will  expire  in  June  197^- 

Acute  otitis  media  is  a  very  important  childhood  disease  and  affects 
populations  of  all  racial  and  social  classes.  Almost  every  child  has  otitis 
media  at  least  once  and  20  to  30  percent  have  six  or  more  such  occurrences. 
It  is  well  established  that  pneumococci  are  responsible  for  kO   to  50  percent 
of  the  episodes  of  acute  otitis  media. 

Acting  on  the  recommendation  of  the  Infectious  Disease  Committee,  the  IDE 
staff  is  preparing  to  initiate  (before  the  end  of  FY  '7^)  two  or  three 
contracts  to  study  the  efficacy  of  the  octavalent  pneumococcal  vaccine  for 
the  prevention  of  acute  otitis  media  in  infants  and  children. 
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streptococcal  M-Prctein  Vaccine:   Group  A  streptococcal  infections  play  a 
major  part  in  septic  pharyngitis  and  skin  infections  as  well  as  an  antecedent 
role  in  rheumatic  fever  and  acute  glomerulonephritis.   An  effective  multi- 
valent vaccine  containing  at  least  six  of  the  predominant  serotypes  of 
M-protein  would  make  a  major  impact  on  reducing  the  prevalence  of  these 
serious  illnesses. 

The  contract  with  the  University  of  Chicago  has  led  to  the  development  of 
several  satisfactory  candidate  M-protein  antigens  which  currently  are  being 
evaluated  in  adult  volunteers  for  safety  and  immunogenicity.   The  objective 
of  this  study  is  to  demonstrate  whether  a  vaccine  composed  of  M-protein  is 
efficacious  against  disease.  Adult  volunteers  have  been  immunized  intra- 
nasally  with  soluble  type  1  M-protein  and  challenged  with  live  streptococci. 
In  contrast  to  previous  results  with  parenteral  immunization  (in  which  most 
of  the  subjects  exhibited  significant  antibody  responses)  intranasal 
immunization  with  M-protein  evoked  very  poor  antibody  responses  in  both  the 
sera  and  nasal  washings.   However,  despite  the  lack  of  detectable  antibody, 
the  intranasal  route  of  immunization  clearly  prevented  the  subsequent 
colonization  of  the  phaxynx  with  the  challenge  organism.   Significantly  less 
illness  and  positive  throat  cultures  were  seen  in  vaccinees  than  in  controls. 
Preliminary  data  ha'^e been  obtained  on  immunization  of  adults  with  the 
M-protein  type  12  vaccine,  followed  by  challenge.  Again,  volunteers 
immunized  with  the  type  12  M-protein  by  the  intranasal  route  had  no  signi- 
ficant increases  in  antibody  titer  but  were  apparently  protected.   Parenteral 
immunization  with  type  12  protein  also  conferred  protection.   These  prelimin- 
ary data  are  encouraging  and  studies  are  currently  under  way  with  additional 
volunteers.   Similar  challenge  studies  are  beginning  with  type  3  K-protein 
vaccine. 

In  order  to  compare  various  methodologies  for  preparing  pure  streptococcal 
group  A  M-protein  antigens,  Abbott  Laboratories  was  contracted  to  produce 
2  grams  of  crude  M-protein  each  of  serotypes  1,  6,  and  12.   Four  laboratories 
actively  engaged  in  streptococcus  research  have  agreed  to  purify  aliquots  of 
the  crude  M-protein  by  their  own  methods  and  perform  comparative  tests  to 
determine  the  method  for  obtaining  the  most  pure  and  immunogenic  antigens. 
A  recent  planning  session  was  held  with  the  collaborators.   The  crude 
material  will  be  delivered  to  them  by  Abbott  Laboratories  in  May  197^,  and 
it  i's  anticipated  that  the  pvirified  antigens  will  be  ready  for  testing  in 
January  1975-   The  IDB  is  assisting  the  collaboration  further  by  supplying 
a  small  amount  of  funds  for  the  purchase  of  supplies . 

The  results  of  this  collaborative  effort  and  the  results  obtained  in  the 
University  of  Chicago  studies  will  be  presented  to  the  NIAID  Infectious 
Disease  Committee.   They  will  be  asked  to  use  these  data  to  evaluate  the 
potential  of  a  vaccine  against  streptococcal  disease. 


Mycoplasma  pneumoniae  vaccine:   Two  large  lots  of  formalin  inactivated 
Mycoplasma  pneumoniae  vaccine  (OSU-IA  and  OSU-lB)have  been  produced  by  Ohio 
State  University  and  have  been  tested  for  safety  and  potency  by  Ohio  State  and 
by  Dr.  Senterfit  at  Cornell  University.   The  Ohio  State  contract  will 
terminate  at  the  end  of  FY  '7^+;  however,  the  Cornell  contract  has  been 
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renewed  to  serve  as  a  serologicsLL  testing  laboratory  for  the  assay  of  sera 
from  the  University  of  Virginia/Parris  Island  efficacy  trial  (see  below). 
Five  thousand  doses  of  placebo  (phosphate  buffered  saline  with  formalin)  are 
being  piirchased  by  IDE  from  Ben  Venue  Laboratories. 

A  new  contract  with  the  University  of  Virginia  is  being  initialed 
specifically  to  study  the  clinical  acceptability,  antibody  response,  and 
efficacy  of  the  inactivated  M.  pneumoniae  vaccine  (OSU-l).   The  OSU-1 
vaccine  has  (at  the  present  time)  been  tested  in  more  than  50  people. 
Studies  performed  under  another  contract  with  the  University  of  Virginia 
have  shown  it  to  be  sufficiently  antigenic  but  some  side  effects  were 
observed.   Under  this  new  contract.  Dr.  Wenzel,  the  Principal  Investigator, 
will  look  for  acceptability  and  serum  and  nasal  antibody  responses  in  20 
volunteers  at  the  University  of  Virginia.   Following  this,  approximately 
150  incoming  recruits  at  Parris  Island,  South  Carolina,  will  be  vaccinated 
and  observed  closely  for  side  effects  and  antibody  responses.  Assuming 
that  the  vaccine  is  acceptable,  an  efficacy  study  in  7,500  volunteers  will 
begin.   This  final  phase  will  hopefully  get  underway  in  July  of  197^- 

Under  a  contract  with  Baylor  University,  studies  are  being  conducted  to 
develop  an  experimental  challenge  system  for  M.  pneumoniae  infections. 
Administration  of  tissue-culture  grown  M.  pneimioniae  by  small  particle 
aerosal  inoculation  appears  to  produce  lower  respiratory  disease  comparable 
to  that  seen  naturally.   Preliminary  data  using  this  system  indicate  that 
the  OSU-1  vaccine  offers  some  protection  to  the  M.  pneumoniae  challenge. 

Venereal  Disease:   Venereal  disease  is  the  major  "infectious  disease  public 
health  problem  in  the  U.S.   At  an  ad  hoc  meeting  of  experts  in  this  field 
sponsored  by  the  IDB  in  July  1973,  a  number  of  projects  appropriate  for 
the  contract  mechanism  were  recommended.   These  are  projects  which  hopefully 
would  contribute  to  resolving  this  problem. 

Plans  are  undeirway  for  initiating  a  venereal  disease  program  by  awarding 
one  or  two  contracts  before  the  end  of  FY  '7^  for  the  in  vitro  cultivation 
of  Treponema  pallidiim,  the  causative  organism  of  syphilis.   Cultivation  of 
T^.  pallidum  in  an  in  vitro  system  is  considered  of  paramount  importance  for 
research  on  this  venereal  disease  and  for  the  possible  development  of 
candidate  immunizing  agents,   stimulation  of  basic  research  effort  in  this 
area  by  the  contract  mechanism  will  hopefully  shorten  the  time  until  a 
potential  vaccine  can  be  made  available. 

VIRAL  VACCINE  PROGRAM 

Respiratory  Syncytial  Virus  (RSV)  -  Parainfluenza  Viruses :   Respiratory 
syncytial  and  parainfluenza  vimses  are  the  principal  causes  of  severe  lower 
respiratory  tract  disease  among  infants  and  children.   The  need  for  effective 
vaccines  to  reduce  the  morbidity  and  economic  toll  of  these  pediatric  vi^-al 
illnesses  remains  apparent.  A  temperature-sensitive  (ts)  mutant  of  res- 
piratory syncytial  virus,  developed  by  the  Laboratory  of  Infectious  Diseases, 
NIAID,  has  been  evaluated  in  infants  of  one  yeax  of  age.   During  the  past 
year  lower  doses  of  the  RSV  ts-1  vaccine  were  tested.   It  was  hoped  that  the 
lower  dose  of  vaccine  would  result  in  fewer  adverse  reactions;  for  example 
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less  rhinorrhea.   However,  if  the  child  were  infected  by  the  vaccine 
virus,  he  was  just  as  apt  to  develop  rhinorrhea  whether  he  received  the 
low  or  high  dose  of  vaccine.   Because  the  ts-1  mutant  did  revert  to  pheno- 
typically  wild-type  virus  and  spread  to  susceptible  contact  controls  in 
a  few  instances,  it  was  decided  that  no  additional  evaluation  of  it  woxild 
be  performed.   At  the  present  time  epidemiological  data  on  RSV  infections 
and  illness  are  being  obtained. 

Dr.  Simpson  at  Rutgers  has  developed  double  mutants  to  RSV.   Some  of  them 
will  be  used  as  seeds  for  preparation  of  vaccines  during  the  coming  year. 
He  has  just  begun  work  on  the  isolation  of  double  mutants  to  parainfluenza 
virus  types  1,  2,  and  3,  so  none  of  them  will  be  available  for  use  as 
vaccine  seeds  this  year. 

Additional  work  on  the  piirified  concentrated  lots  of  monovalent  and 
trivalent  inactivated  parainfluenza  virus  vaccines  showed  an  inconsistency 
in  the  pattern  of  antigen  stability  following  inactivation  of  the  virus 
with  formaldehyde.   If  the  factors  can  be  determined  which  cause  the  loss 
in  HA  antigenicity,  an  inactivated  vaccine  will  be  made,  otherwise  the 
inactivated  parainfluenza  vaccine  will  be  dropped.   A  workshop  will  be 
held  on  possible  hypersensitivity  reactions  that  have  occurred  in  recipients 
of  various  inactivated  vaccines  when  they  later  are  infected  by  that 
organism. 

Rubella:  Investigations  of  the  epidemiology,  clinical  characteristics  and 
viral  immunology  of  rubella,  congenital  rubella  and  rubella  vaccines  have 
been  performed  under  one  longitudinal  study.   Potential  hazards  to  the 
fetus  by  inadvertent  vaccination  of  the  mother  during  pregnancy,  efficacy 
of  rubella  vac cine- induced  immunity  and  long-term  antibody  studies  are 
to  be  continued  through  other  support  mechanisms. 


1 


Adenoviruses :   Crystalline  adenovirus  type  5  hexon  and  fiber  antigen 
vaccines  were  prepared  through  a  collaborative  effort  of  Dr.  Julius  Kasel, 
Laboratory  of  Clinical  Investigation,  NIAID,  and  Dr.  H.  G.  Pereira,  Mill  Hill, 
England.   Both  vaccines  have  been  shown  to  be  antigenic  and  safe  in  adults, 
and  young  teenagers.   Dr.  Kasel  is  preparing  hexon  and  fiber  antigen 
vaccines  from  type  h   adenovirus.   The  type  h   subunit  vaccines  will  be  tested 
in  ad-ults  in  order  to  ascertain  if  they  are  primary  immunogens . 
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GEOGRAPHIC  MEDICINE  BRANCH 


The  Geographic  Medicine  Branch  was  created  on  1  July  1968  to  manage  several 
biomedical  programs  transferred  to  the  National  Institute  of  Allergy  and 
Infectious  Diseases  (NIAID)  from  the  Office  of  International  Research.  The 
Branch  is  currently  part  of  Collaborative  Research  Programs,  NIAID,  and 
consists  of  two  principal  organizational  elements:  The  U.S. -Japan  Cooperative 
Medical  Science  Program  Section  and  the  International  Centers  for  Medical 
Research  Section  (ICMR). 

Grants  and  contracts  are  used  in  support  of  U.S. -Japan  program,  but  grants 

are  the  only  support  instrument  for  the  International  Centers.  For  a 

detailed  history  of  these  programs  and  their  operating  methods,  the  reader 
is  referred  to  the  NIAID  Annual  Report  for  FY73  page  1  through  14. 

The  Joint  Comnittee  and  the  Program  Panels  meet  annually,  alternating  between 
the  United  States  and  Japan.  This  year  all  of  the  meetings  will  be  held  in 
Japan.  At  the  Joint  Committee  meeting,  August  8  and  9,  1974,  the  Program 
reviews  of  the  Malnutrition  and  Viral  Diseases  Panels  will  be  completed,  and 
the  Committee  will  make  definitive  plans  to  publish  a  second  Five  Year  Report. 

I.  The  United  States  -  Japan  Cooperative  Medical  Science  Program 

Highlights  of  the  Past  Year 

CHOLERA 

The  Cholera  Program  has  made  advances  in  producing  a  toxoid  for  use  in  a 
planned  field  trial,  in  continuing  studies  on  oral  inriunization,  and  in 
identifying  a  chemical  which  shows  promise  in  controlling  fluid  loss. 

Over  100,000  doses  of  purified  cholera  toxoid  await  final  clearances  on 
standard  safety  and  toxicity  tests  prior  to  testing  in  human  volunteers.  In 
the  production  of  this  toxoid,  the  manufacturer  instituted  a  new  step  in  the 
purification  procedure  which  reduced  the  somatic  antigen  level  to  0.1  that 
of  the  previous  accepted  standard.  This  is  by  far  the  purest  toxoid  we  have 
available  and  should  answer  the  all  important  question  of  the  effect  of  anti- 
toxic immunity  in  protecting  against  cholera  in  an  endemic  area.  A  preliminary 
test  of  safety  and  immunogenicity  in  the  endemic  area  of  Bangladesh  (after 
appropriate  studies  in  U.S.  volunteers)  demonstrated  that  this  toxoid  produced 
high  levels  of  circulating  antitoxin  and  wery   minimal  local  reactions  in 
residents  of  the  endemic  area.  The  toxoid  appears  to  be  stable  in  the 
lyophilized  form  for  over  one  year  at  37  and  45°C.  Stability  in  the  liquid 
form  is  about  one  month  at  these  temperatures. 

The  advent  of  an  oral  cholera  vaccine  may  offer  a  new  approach  to  cholera 
immunization.  It  is  believed  that  the  fluid  loss  caused  by  cholera  toxin  is 
due  to  the  attachment  of  the  toxin  to  the  cells  of  the  intestine.  Animal 
studies  indicate  that  locally  produced  antibodies  in  the  intestine  may  inter- 
fere with  this  attachment  of  the  cholera  toxin  to  the  intestinal  cell  wall. 
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Further  studies  are  needed  to  determine  the  duration  of  this  local  immunity. 

In  screening  chemicals  which  might  inhibit  the  fluid  loss  caused  by  cholera 
toxin,  zirconyl  oxycholoride  has  produced  some  exciting  results.  Preliminary 
data  in  dogs  indicate  that  fluid  loss  is  greatly  reduced  after  oral  adminis- 
tration of  zirconyl  oxychloride  and,  in  some  instances,  the  fluid  loss  is 
stopped  in  30  minutes. 

Similarities  between  the  heat-labile  enterotoxin  of  Escherichia  coli  and 
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lerae  enterotoxin  continue  to  be  demonstrated  and  their  immunological 

onship  has  been   more  firmly  established  by  cross-neutralization  tests, 
been  shown  that  E^.  coli  enterotoxin  causes  an  increase  in  permeability 
small  blood  vessels  of  the  skin,  similar  to,  but  not  identical  with 

aused  by  cholera  enterotoxin.  This  can  now  be  made  the  basis  of  a 
of  screening  strains  for  enterotoxinogenicity  and  for  titrating  anti- 
The  crude  E.    coli  filtrates  thus  far  prepared  contain  far  less  biologic 

ty  either  in  gut  or  in  skin  than  do  cholera  filtrates. 


Progress  has  been  made  in  purification  of  E.    coli  enterotoxin,  although  this 
has  proven  to  be  much  more  difficult  than  in  the  case  of  cholera  toxin. 
Affinity  chromatography  using  cholera  antitoxin,  and  gel  filtration  have  both 
met  with  some  success.  Skin  reactivity  is  separable  into  a  heat-labile 
factor  which  increases  vascular  permeability  and  into  a  heat-stable  factor 
which  causes  "blanching."  These  findings  may  help  explain  the  qualitative 
difference  between  the  typical  skin  lesions  produced  by  £.  coli  and  cholera 
toxins. 
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ENVIRONMENTAL  MUTAGENESIS  &  CARCINOGENESIS 

During  the  past  year,  the  Environmental  Panel  continues  to  emphasize  the 
importance  of  monitoring  environmental  chemicals  for  potential  mutagenic  and 
carcinogenic  effects.  At  the  Joint  U.S. -Japan  Environmental  Conference  this 
year,  the  potential  hazard  of  the  Japanese  food  additive,  AF-2,  was  discussed 
and  plans  to  study  this  chemical  in  this  country  were  formulated.  AF-2, 
a  nitrofuran  compound,  has  been  used  as  a  food  additive  in  Japan  since  1965, 
and  has  recently  been  found  to  be  mutagenic  in  yeast,  salmoneTia,  and 
neurospora  test  systems. 

An  attempt  to  stimulate  research  in  the  development  of  methods  for  detecting 
mutagenic  and  carcinogenic  activity  of  chemicals  was  initiated  by  alerting 
the  scientific  community  to  program  needs.  As  a  result  of  this,  research 
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was  recently  funded  to  develop  better  assay  systems  with  drosophila. 

A  workshop  on  "Long-term  Toxicity  of  Antischistosomal  Drugs,"  was  jointly 
sponsored  with  the  Parasitic  Diseases  Panel.  The  major  concern  of  the  work- 
shop was  the  ability  of  drugs  to  cause  genetic  activity  in  human  populations. 
Two  productive  days  of  discussions  among  the  35  participants  resulted  in 
recomnendations  for  screening  potential  mutagenic  and  carcinogenic  agents 
that  might  expose  large  populations. 

LEPROSY 
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During  the  past  year  the  Leprosy  Program  has  placed  greater  emphasis  on  the 
immunology  of  leprosy.  Preliminary  studies  of  the  peripheral  blood  B:T 
lymphocyte  ratio  among  patients  with  leprosy  are  in  progress.  The  evidence 
strongly  suggests  that  patients  with  lepromatous  leprosy  may  have  profound 
disturbance  of  the  blood  B:T  cell  ratio.  For  example,  these  patients  may 
show  absolute  decreases  in  the  percentage  of  blood  T-cells  in  association 
with  marked  increases  in  absolute  percentages  of  B-cells.  The  question 
of  what  happens  to  blood  T- lymphocytes  in  leprosy  is  believed  to  be  of 
fundamental  importance  in  view  of  the  energy  displayed  by  these  patients. 
Such  questions  as  to  whether  T-cells  are  destroyed,  or  trapped,  and  whether 
return  to  normal  blood  ratios  of  B:T  cells  occurs  under  therapy  are  all  basic 
to  the  understanding  of  the  immunological  features  of  the  disease. 

Through  a  contract  with  the  University  of  Hawaii,  additional  epidemiological 
data  has  been  gathered  regarding  the  effects  of  a  three-year  (1968-1970) 
mass  chemoprophylactic  treatment  for  leprosy  with  acedapsone  (DADDS)  in  the 
isolated  Pingelapese  population.  The  results  of  the  third  annual  surveillance 
of  this  population  are  as  follows:  a  significantly  lower  incidence  of  leprosy 
among  those  individuals  who  received  a  full  3  year  course  of  DADDS;  and  no 
cases  have  yet  appeared  among  300  or  more  children  born  since  1968,  and  who 
did  not  receive  DADDS  prophylactically. 
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ted  these  children  are  members  of  families  whose  parents  were 

the  mass  chemoprophylatic  treatment  program.  This  preliminary 
ts  the  effectiveness  of  prophylactic  DADDS  continues  after 
stering  the  drug  and  this  effect  is  truly  preventive,  and 
ressive.  It  is  anticipated  that  information  obtained  from 
significantly  facilitate  the  establishment  of  control  programs 
imic  areas  with  limited  medical  and  public  health  resources, 
llance  of  this  population  group  will  continue  through  1980. 


A  variety  of  pharmacologic  studies  have  been  carried  out  during  the  past 
year  using  the  mouse  foot  pad  technique.  These  include  presence  of  viable 
organisms  from  patients  on  chemotherapy  and  sensitivity  levels  of  candidate 
anti leprotic  drugs. 

The  minimum  effective  dose  (MED)  of  dapsone  for  M.  leprae  in  thymectomi zed- 
irradiated  mice  was  found  to  be  identical  with  that  of  the  normal  immuno- 
logically intact  animal.  The  protein-binding  of  dapsone  was  studied,  as 
well  as  its  disposition  in  a  number  of  animal  species.  These  studies  have 
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pointed  to  an  important  route  of  elimination  of  the  drug  from  the  body  that 
yields  metabolites  in  the  urine  not  detectable  by  the  usual  analytical 
techniques.  Finally,  hydnocarpic  acid,  a  unique  fatty  acid  that  is  a  major 
component  of  chaulmoogra  oil,  was  found  to  possess  antimicrobial  activity 
against  a  large  number  of  cultivable  mycobacterial  species  and  strains,  and 
to  act  by  an  unusual  mechanism  that  involves  biotin. 

In  the  field  of  experimental  pathogenesis,  multiplication  of  M.  leprae  but 
not  of  M.  marinum  was  inhibited  by  prior  infection  of  mice  with  the  protozoans 
Toxoplasma  gondii  or  Besnoitia  jellisoni.  Multiplication  of  both  mycobacterial 
organisms  was  also  inhibited  in  mice  previously  infected  with  either,  thus 
demonstrating  both  homologous  and  heterologous  immunity. 

Evidence  accumulates  from  chemotherapeutic  trials  conducted  at  the  Cebu , 
Philippines,  Division  of  Leonard  Wood  Memorial,  that  Rifampin  is  the  drug 
of  choice  for  its  rapid  bactericidal  activity  and  safe  record  for  adverse 
reactions. 

The  possibility  of  using  transfer  factor  for  immunotherapy  of  lepromatous 
leprosy  continues  to  attract  wide  interest.  Depending  on  the  outcome  of 
independent  pilot  studies  (not  sponsored  by  NIAID)  conducted  at  the  USPHS 
Hospital,  Carville,  La.,  and  elsewhere,  the  U.S.  Leprosy  Program  has 
definitive  plans  under  consideration  for  a  well -controlled  clinical  study 
to  determine  the  advantage  of  this  type  of  immunotherapy. 

MALNUTRITION 

Among  the  various  highlights  of  the  past  year  was  the  contract  support  for 
a  scientific  conference  January  1974,  at  Guatemala  City  entitled,  "The 
Latent  Effects  of  Malnutrition  and  Infection  During  Pregnancy  as  Determinant 
of  Growth  and  Development  of  the  Child."  Participants  focused  attention 
on  malnutrition  during  pregnancy  with  discussions  of  placental  function  with 
emphasis  on  dietary  intake,  types  of  dietary  supplements  and  the  optimal 
time  for  supplementation  of  the  mother  so  that  effective  transplacental 
transfer  mechanism's  could  effect  the  optimal  response.   In  addition,  the 
biochemical,  metabolic  and  physiologic  consequences  of  cell  damage  by 
microorganisms  were  discussed.  The  difficulties  and  methods  of  diagnosing 
intrauterine  infection  were  also  stressed. 

Consideration  was  also  given  to  the  significance  of  asymptomatic  bacterial 
infections  during  pregnancy  which  influence  low  birth  weight.  Attention 
was  also  given  to  the  long  lasting  implications  of  low  birth  weight  in  respect 
to  survival  and  growth  of  the  child  as  well  to  psychomotor  development.  Final 
edited  material  from  this  conference  will  be  prepared  for  publication  and 
dessiminated  to  the  scientific  community. 

During  the  past  year,  the  "Food  Composition  Table  For  Use  in  East  Asia"  was 
completed  and  published.  This  comprehensive  reference  provides  valuable 
information  concerning  numerous  studies  on  the  subject  and  will  be  extremely 
useful  in  the  evaluation  of  Asian  dietary  consumption  and  in  the  assessment 
of  the  nutritional  status  of  the  population  in  the  various  countries  of  East 
Asia. 
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Investigators  at  Ramathibodi  Hospital,  Bangkok,  Thailand,  have  demonstrated 
bladder  stone  disease  in  children  is  a  major  health  problem.  In  Thailand, 
the  prevalence  rate  is  12  per  1000  population  in  rural  areas  of  the  North 
and  Northeast  regions. 

Evidence  accumulated  in  Thailand  over  the  past  several  years  supports  the 
concept  of  a  nutritional  etiology  of  bladder  stone  disease.  It  appears  that 
phosphate  deficiency,  high  oxalate  intake,  protein  malnutrition  and  possibly 
other  factors  are  important  in  stone  formation.  Infants  and  children  in 
endemic  stone  areas  show  very  low  levels  of  phosphate  excretion,  somewhat 
high  levels  of  urinary  oxalate  and  also  oxal crystal luria.  Administration  of 
orthophosphate  salts  to  these  subjects  dramatically  reduced  the  occurrence 
of  oxal crystal luria. 

In  a  collaborative  study  conducted  at  Chiang  Mai,  Thailand,  the  importance 
of  infection  in  the  morbidity  and  mortality  associated  with  protein-calorie 
malnutrition  has  been  well  established.  In  200  children,  1  to  4  years  of  age, 
with  second  and  third  degree  malnutrition,  69%  were  discovered  to  have 
potentially  life  threatening  infections  which  included  diarrheas  of  bacterial 
and  viral  origin,  pneumonia,  otitis  media,  gastrointestinal  infections,  and 
skin  infections.  Thirty  percent  had  sepsis,  mostly  of  gram  negative  origin 
associated  with  detectable  amounts  of  endotoxin  in  the  plasma.  It  was 
discovered,  furthermore,  that  children  with  severe  protein-calorie  malnutrition 
have  an  enhanced  incidence  of  hepatitis-associated  antigen  (HAA)  which  suggested 
a  defect  in  cell  mediated  immunity.  Skin  testing  with  nitrofluorobenzene, 
monilia  and  streptokinase-antigens  also  revealed  a  defect  in  cell -mediated 
immunity  in  these  children  which  was  corrected  by  improved  nutrition  as 
reported  recently  in  Lancet.  It  was  also  found  that  blast  cell  transformation 
of  lymphocytes  stimulated  with  phytohemogglutinin  and  thymidine  uptake  was 
also  reduced  as  additional  evidence  of  alterations  in  the  T-cell  system  in 
these  children. 

PARASITIC  DISEASES 
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Research  in  the  Parasitic  Diseases  Program  is  confined  to  two  parasitic 
infections  of  yery   great  importance  in  Asian  countries  -  schistosomiasis 
and  filariasis 

Schistosomiasis 


Work  toward  the  objective  of  establishing  a 
of  S.  mansoni  has  progressed  well  this  year. 


cell  line  of  the  snail  host 
Culture  techniques  have  been 
refined  and  mitotic  figures  have  been  observed  as  late  as  50  days  after  the 
establishment  of  the  culture.  Larval  stages  of  S^.  mansoni  are  being  cultivated 
and  their  metabolism  monitored. 


Studies  on  the  mechanism  of  immune  response  have  been  expanded  during  the 
past  year.  It  was  shown  that  T-lymphocyte  depletion  prevented  the  develop- 
ment of  anti -schistosomal  egg  antigen  (SEA)  cell -mediated  immune  responses 
and  anti-SEA  reaginic  antibody.  Other  studies  have  been  initiated  to  help 
elucidate  the  function  of  the  eosinophil  in  the  destruction  and  elimination 
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of  schistosomal  eggs  from  the  body. 

Suppression  of  schistosome  granuloma  formation  was  brought  about  experimentally 
by  cholera  toxin,  by  diabetes  and  by  toxoplasmosis. 

A  series  of  studies  on  the  effects  of  a  nitrovinylfuran  compound  on 
Schistosoma  japonicum  in  chimpanzees  showed  that  treatment  with  this  com- 
pound had  a  pronounced  effect  on  diminishing  the  extent  of  colonic  leisons 
and  on  lessening  the  degree  of  schistosomal  nephropathy. 
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Fil arias  is 

Work  on  experimental  models  of  human  filariasis  continue  to  corroborate  the 
finding  that  the  gerbil  is  the  most  useful  rodent  host  for  studies  with  the 
lymphatic-dwelling  filarial  worms.  Basic  data  have  been  obtained  on  the 
factors  underlying  the  susceptibility  of  male  gerbils  to  infection.  For 
the  first  time,  W^.  bancrofti ,  the  human  filarial  parasite,  has  been  introduced 
into  primates  with  production  of  microfilariae.  If  this  work  can  be  extended, 
the  door  will  be  opened  to  a  wide  range  of  studies  on  this  important  parasite. 


Biochemical  studies  have 
D.  wifei,  and  B^.  pahangi 


included  comparison  of  the  metabolism  of  J^.  carinii , 
D^.  wifei  and  B^.  pahangi  survive  anaerobically  for 
extended  periods  of  time,  whereas  1^.  carinii  loses  motility  rapidly  in  the 
absence  of  air.  This  may  explain  the  ineffectiveness  of  cyanines  in  human 
infection.  It  has  also  been  found  that  stibophen  inhibits  phosphofructo- 
kinase  of  all  three  species  of  filarids,  but  not  that  of  the  host.  Incubation 
of  microfilariae  in  immune  serum  with  radioactive  diethylcarbamazine  resulted 
in  a  three-fold  increase  in  drug  uptake. 

Immunization  of  dogs  with  a  single  subcutaneous  dose  of  gamma-irradiated 
infective  third-stage  larvae  of  Brugia  pahangi  resulted  in  a  substantial 
degree  of  protective  immunity  against  homologous  challenge  infections. 

Ninety  carefully  selected  compounds  were  tested  for  chemotherapeutic  and/or 
chemoprophylactic  activity  against  filarial  infection.  The  Brugia  pahangi 
gerbil  system  seems  promising  as  a  small  animal  model  for  evaluating 
filariasis  chemotherapy. 


TUBERCULOSIS 

The  research  sponsored  this 
focused  on  the  Immunol ogica 
contracts,  highly  character 
made  available  to  qualified 
An  unheated  mycobacterial  c 
gradient  acryl amide  gel  ele 
exclusion  chromatography, 
two  methods  will  now  be  stu 
determine  the  immunological 


year  by  the  Tuberculosis  Program  was  again 
1  aspects  of  tuberculosis.  Through  several  service 
ized  and  standardized  mycobacterial  materials  are 

scientists  in  tuberculosis  and  related  fields, 
ulture  filtrate  preparation  was  fractionated  by 
ctrophoresis  (GAGE)  and  by  ion  exchange  and  molecular 
The  isolated  antigenic  fractions  obtained  by  these 
died  by  UL  vivo  and  vn_  vitro  test  systems  to 
ly  important  and  biologically  rea;tive  fractions. 
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Because  of  the  great  demand  for  the  immunoelectrophoretic  reference  system 
for  antigems  of  Mycobacterium  tuberculosis,  the  original  supply  of  antigen 
and  antiserum  were  depleted.  A  new  supply  was  produced  this  year  and  the 
relationship  of  the  new  materials  to  the  original  system  was  established. 
The  reference  kits  are  again  available  for  distribution. 

Research  was  initiated  to  systematically  study  mycobacterial  antigens  obtained 
using  various  cell  disruption  techniques.  Virulent  human  tubercle  bacilli 
were  disrupted  by  several  sonication  and  pressure  cell  regimens  and  the 
protoplasmic  constituents  of  these  preparations  were  compared.  The  differences 
in  antigens  that  can  be  isolated  from  the  various  preparations  can  now  be 
studied. 
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The  monkey  model  for  studying  aerosol  BCG  vaccination  with  aerosol  challenge 
was  investigated  further.  It  was  shown  that  the  protection  of  aerosol  BCG 
vaccination  is  dose  dependent;  i.e.,  10^  organisms  gave  a  greater  degree  of 
protection  than  either  10^  or  10^  organisms.  There  was  some  concern  that 
repeated  vaccination  via  the  aerosol  route  might  elicit  a  type  of  hyper- 
sensitivity reaction  in  the  host.  Therefore,  guinea  pigs,  an  excellent 
model  for  exploring  such  a  response,  were  sensitized  and  vaccinated  with 
aerosolized  BCG  organisms.  No  adverse  effects  were  observed. 

Advances  in  the  basic  immunology  of  the  mycobacterioses  were  seen.  Improved 
methods  of  studying  the  blastogenic  response  of  human  leukocytes  has  made 
it  possible  to  determine  qualitatively  and  quantitatively  the  immunologic 
status  of  individuals.  The  role  in  cellular  immunity  of  macrophages,  B  and 
T  lymphocytes,  soluble  mediators,  surface  antigens,  and  a  battery  of  enzymes 
was  further  clarified  by  continuing  research. 

VIRAL  DISEASES 

Research  in  the  Viral  Diseases  Program  is  limited  to  studies  on  rabies  and 
on  arboviruses  with  emphasis  on  dengue  and  the  pathogenesis  of  hemorrhagic 
fever. 

Rabies 


Work  has  continued  on  the  isolation  and  characterization  of  the  protective 
antigens  of  rabies  virus.  Guanidine  extraction  has  been  shown  to  result  in 
products  of  low  immunogenicity.  In  contrast,  Triton,  a  non-ionic  detergent, 
has  been  found  to  yield  a  high  titer  product.  The  results  demonstrated 
that  dissociation  of  virus  particles  did  not  inactivate  the  protective 
antigen  and  that  the  solubilized  antigen  was  an  effective  immunogen. 

Also  being  developed  are  improved  methods  for  the  inactivation  of  rabies 
virus  without  significant  loss  of  immunogenicity.  Twelve  consecutive  10 
liter  lots  of  rabies  virus  have  now  been  inactivated  by  betapropiolactone 
at  a  concentration  of  0.025%.  No  residual  live  virus  has  been  found  in  any 
of  these  lots  as  measured  by  the  sensitive  rabies  virus  amplification  procedure. 
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An  in  vitro  test  for  the  evaluation  of  the  potency  of  rabies  vaccines  by 
the  stimulation  of  sensitized  lymphocytes  was  elaborated.  Several  vaccine 
preparations  of  tissue  culture  origin  were  tested  and  compared  with  several 
preparations  of  the  standard  NIH  vaccine.  Results  indicate  that  a  reasonable 
degree  of  correlation  can  be  obtained  between  the  potency  measured  in 
experimental  animals  and  that  measured  by  in  vitro  procedures. 

Dengue 

Studies  are  being  directed  at  determining  whether  susceptibility  of  mosquitoes 
to  dengue  viruses  is  genetically  controlled.  The  infection  in  the  mosquito 
is  also  being  studied  quantitatively.  Of  11  different  geographical  strains 
of  Aedes  albopictus  which  have  been  screened  for  susceptibility  to  dengue 
viruses,  2  consistently  showed  lower  infection  rates  and  1  strain  showed 
a  higher  rate  than  the  others. 

In  a  study  of  the  ecology  of  dengue  viruses  in  Malaysia,  an  area  of  undisturbed 
primary  rain  forest  was  chosen  as  the  site  of  investigation.  Serological 
conversions  for  dengue  were  detected  in  three  leaf  monkeys  in  the  high  canopy 
at  about  75  feet  above  ground.  The  results  have  established  that  enzootic 
dengue  occurs  in  the  high  canopy  of  the  study  area.  A  search  continues  for 
the  proven  forest  vector. 

Attempts  are  being  made  to  develop  temperature-sensitive  mutants  of  dengue 
viruses  as  potential  seed  material  for  live  attenuated  vaccines  for  human 
use.  Of  several  hundred  clones  (after  ten  passages)  analyzed,  8  were 
found  to  be  teoiperature  sensitive. 

Pathological  studies  of  dengue  infections  have  involved  the  development  of 

quantitative  techniques  for  the  detection  of  viremia,  techniques  for 

purification  of  type-specific  viral  antigens  and  antibodies  for  specificity 

studies,  and  the  physico-chemical  characterization  of  viral  antibody  complexes. 

Research  Conferences  and  Workshops: 

In  addition  to  program  elements  involving  research  grants  and  contracts,  the 
U.S. -Japan  Cooperative  Medical  Science  Program  includes  a  provision  for 
regular  scientific  conferences  and  workshops.  These  include  joint  meetings 
with  Japanese  counterpart  scientists  as  well  as  special  conferences  for 
American  investigators  working  in  the  scientific  areas  of  special  interest 
to  a  given  Panel.  These  workshops  and  conferences  serve  to  stimulate  interest 
and  enthusiasm  which  leads  to  the  development  of  new  scientific  approaches 
to  the  seven  disease  categories  within  the  Program,  and  they  also  facilitate 
the  timely  exchange  of  research  data,  methods  and  protocols.  The  Joint  U.S. 
and  Japanese  Panels  meet  annually,  alternating  between  locations  in  the 
United  States  and  Japan.  A  notation  of  conferences  and  workshops  sponsored 
during  FY  1974  follows: 
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Meeting  Title  and  Location 

July  23-25,  1973 

Joint  Malnutrition  Conference 

Bethesda,  Maryland 

July  23-25,  1973 

Joint  Viral  Diseases  Conference 

Bethesda,  Maryland 

July  26-27,   1973 

Joint  Committee  Meeting 

Bethesda,  Maryland 

July  30-31   &  Aug.    1,   1973 
Joint  Leprosy  Conference 
San   Francisco,  California 

August  6-8,  1973 

Joint  Parasitic  Diseases  Conference 

Monterey,  California 

September  19-20,  1973 
Rabies  Workshop 
Bethesda,  Maryland 

October  1-3,  1973 

Joint  Cholera  Conference 

Grand  Canyon,  Arizona 

November  12-14,  1973 

Joint  Tuberculosis  Conference 

New  Orleans,  Louisiana 

November  19-21  ,  1973 

Joint  Environmental  Conference 

Charleston,  South  Carolina 

January  10-12,  1974 
Malnutrition  Workshop 
Guatemala  City,  Guatemala 

January  24-25,  1974 

Joint  Subcommittee  Meeting 

Honolulu,  Hawaii 

May  1-3,  1974 

Parasitic  &  Environmental  Panels 

Workshop 
Bethesda,  Maryland 


Sponsoring  Panel 
Malnutrition 

Viral 


Leprosy 


Parasitic  Diseases 


Viral 


Cholera 


Tuberculosis 


Environmental 


Malnutrition 


Parasitic  Diseases  & 
Environmental 
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II.  The  International  Centers  for  Medical  Research  (ICMR)  Program 

Program  Description: 

In  response  to  the  expressed  desire  of  the  Congress  (P.L.  86-610),  a  program 
for  the  International  Centers  for  Medical  Research  was  established  in  1960 
by  the  National  Institutes  of  Health  "to  advance  the  status  of  the  health 
sciences  in  the  United  States  and  thereby  the  health  of  the  American  people" 
by  expanding  collaborative  research  between  U.S.  universities  and  selected 
foreign  institutions  and  investigators. 

The  four  grants  funded  under  this  Program  are  awarded  for  five  years  with 
continued  support  contingent  upon  program  review  at  the  end  of  each  year  of 
operation.  One  of  the  most  important  features  of  this  program  is  that  of 
long-term  support,  as  contrasted  with  the  transiency  which  has  characterized 
a  number  of  other  international  projects.  This  is  a  necessary  ingredient 
for  the  full  development  of  university  careers  in  science  which  will 
effectively  utilize  the  international  medical  experience  of  individual 
scientists.  A  major  advantage  of  this  program  is  that  it  provides 
opportunities  for  established  and  highly  competent  investigators  to  exploit 
valuable  research  opportunities  abroad  without  losing  their  university 
affiliations  and  faculty  appointments.  The  long-term  support  of  the  ICMR's 
does  not  represent  a  form  of  foreign  aid.  Rather  the  primary  objective 
is  a  collaborative  effort  in  biomedical  research  of  specific  relevance  to 
the  health  of  the  American  people  and  to  the  U.S.  scientific  community. 
The  four  current  ICMR  grants  were  renewed  for  an  additional  five  years 
beginning  in  FY  1970,  and  are  presently  undergoing  scientific  evaluation  for 
further  support. 

Purpose  and  Scope: 

The  ICMR  program  has  as  its  principal  objective  the  provision  of  high  quality 
research  and  scientific  opportunities  for  Americans  in  the  broad  fields  of 
geographic  medicine,  and  in  response  to  the  special  opportunities  existing 
within  each  ICMR  framework.  The  length  of  the  research  period  overseas  is 
a  discretionary  concern  of  the  ICMR  program  director,  and  is  obviously 
determined  by  both  the  interests  of  the  prospective  investigator  and  the 
specific  opportunities  available  within  the  given  ICMR  unit.  Consistently, 
the  emphasis  is  upon  the  quality  rather  than  the  quantity  or  duration  of 
the  research  programs. 


The  aggregate  ICMR  units  are 
utilization  by  senior  as  well 
comparatively  modest  pool  of 
in  international  or  geographi 
ICMR  program  directors  are  en 
scientific  program.  Their  ac 
parent  university  departments 
sponsors  the  ICMR  operation, 
within  the  overall  parent  uni 
related  fields  outside  of  the 


serving  increasingly  as  a  national  resource  for 
as  less  experienced  scientists  to  create  a 
investigators  with  a  sustained  career  interest 
c  biomedical  research.  In  this  regard,  the 
couraged  to  establish  a  selective,  interdisciplinary 
tivities  encourage  and  accommodate  a  number  of 
other  than  the  department  which  primarily 
Particular  advantage  is  taken  of  special  strengths 
versity,  including  opportunities  in  health- 
classical  confines  of  tropical  medicine. 
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During  FY  1971,  the  NIH  initiated  a  program  element  within  the  overall  ICMR 
framework.  Designated  as  the  ICMR  Research  Associate  Program  (IRAP),  this 
centrally  coordinated  activity  is  specially  designed  to  recruit  investigators 
on  a  national  basis  and  specifically  from  universities  that  do  not  have  an  ICMR. 

As  far  as  is  possible,  the  ICMR  core  grant  is  used  for  research  support  at 
the  off-shore  ICMR  site  rather  than  at  the  parent,  domestic  university.  In 
this  regard  it  is  accepted  that  some  preparation  preliminary  to  an  overseas 
assignment  is  frequently  necessary  or  desirable,  and  as  many  items  of  equip- 
ment and  supplies  as  feasible  are  purchased  in  the  United  States. 

Program: 

The  four  institutions  participating  in  the  ICMR  program  at  present,  and  their 
respective  areas  of  research  interests  are  as  follows: 

Johns  Hopkins  University  (Baltimore,  Maryland) 

Program  Director:  Dr.  Frederik  B.  Bang 
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nsferred  its  operations 
f  the  facilities  at  the 

of  studies  on  Bangladesh 
the  Hopkins  group  in 

to  be  directed  toward 
arge  population  and 
aratively  close 
era  and  cholera-like 
ses  and  infectious 
les  ecology  of  the  pariah 

research  involves  the 
vitamin  A  and  psychological 
urban  filariasis  has 
spects  of  transmission. 


During  the  past  year,  Johns  Hopkins  University  has  tra 
from  Calcutta  to  Dacca,  Bangladesh  to  take  advantage  o 
Cholera  Research  Laboratories  and  to  initiate  a  series 
disease  problems  which  had  been  previously  studied  by 
West  Bengal  and  India.  Program  emphasis  will  continue 
the  epidemiology  and  management  of  human  diseases  of  1 
the  ecology  and  behavior  of  animals  which  live  in  comp 
association  with  man.  On-going  research  includes  chol 
disease.  Epidemiological  studies  of  respiratory  disea 
hepatitis  are  also  in  progress.  Other  research  includ 
dog,  the  dung  beetle  and  various  rodents.  Nutritional 
effect  of  malnutrition  on  immune  cells,  the  effect  of 
correlates  of  malnutrition.  A  program  of  research  on 
just  been  initiated.  It  will  emphasize  quantitative  a 
model  building  and  immune  response. 

University  of  Maryland  (Baltimore,  Maryland) 

Program  Director:  Dr.  David  F.  Clyde 

The  University  of  Maryland  with  the  participation  of  its  School  of  Medicine, 
and  collaborating  with  the  Institute  of  Hygiene,  Lahore  has  undertaken  a 
varied  research  program  in  West  Pakistan.  Comprehensive  studies  of 
arthropod-borne  diseases  have  been  undertaken.  During  FY  71 ,  a  field  unit 
in  Salvador  (Bahia),  Brazil  was  established  at  the  Federal  University  of 
Bahia  to  study  insect  vector  pathology  as  a  tool  for  biologic  control  of 
malaria.  Additional  studies  in  the  area  of  schistosomiasis  and  vector  genetics 
have  also  been  carried  out.  Plans  are  currently  underway  to  phase  out  the 
unit  in  Brazil,  although  studies  on  mosquito  genetics  will  continue  for 
another  two  years. 
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More  recent  research  in  Pakistan  includes  studies  of  mosquito-borne  viruses 
in  man.  In  addition,  a  detailed  investigation  of  several  different  clinical 
entities,  e.g.  bleeding  disorders  in  humans,  has  been  recently  completed. 
Research  on  immunity  in  tuberculosis  and  on  the  relationship  between 
cirrhosis,  hepatitis-associated  antigen,  and  viral  hepatitis  has  also  been 
completed. 

Mosquito  genetic  investigations  of  a  comparatively  unstudied  vector  of 
Japanese  encephalitis  virus  have  been  of  unusually  high  scientific  merit  and 
promise.  Knowledge  about  the  genetics  of  this  mosquito,  Culex  tritaeniorhnychus, 
now  approaches  the  abundance  and  high  quality  of  information  previously 
known  about  two  other  mosquito  vectors  of  human  disease.  This  new  information 
has  been  sought  to  establish  a  scientific  basis  for  the  ultimate  biologic 
control  of  human  Japanese  encephalitis.  A  new  "compound  chromosome"  technique 
has  been  developed  and  is  under  consideration  for  early  field  application  on 
a  limited  scale. 

University  of  California  (San  Francisco,  California) 

Program  Director:  Dr.  J.  Ralph  Audy 

The  University  of  California  with  the  participation  of  the  Hooper  Foundation, 
the  School  of  Public  Health,  and  the  Medical  School,  is  collaborating  with 
the  Institute  for  Medical  Research,  Kuala  Lumpur,  Malaysia,  and  the  University 
of  Malaya.  This  International  Center  continues  to  place  strong  emphasis  on 
infectious  diseases  transmitted  from  animals  to  man.  Because  of  the  long 
standing  research  interest  and  experience  in  studying  the  fundamental  problems 
of  human  ecology  at  the  University  of  California,  a  collaborative  program  has 
been  develonc-d  embracing  medical  zoology,  microbiology  and  parasitology. 
The  scope  of  this  collaborative  endeavor  has  now  been  expanded  to  include 
related  socio-cultural  research  and  medical  genetics. 

Long-term  research  projects  in  Malaysia  and  California  are  based  on  three 
general  laboratory  programs:  the  Arbovirus  Research  Unit,  the  Parasitology 
Laboratory,  and  the  Medical  Anthropology  and  Rural  Health  Research  project. 

The  arbovirus  research  is  focused  on  the  epidemiology  and  ecology  of  dengue 
virus  and  the  relationship  of  this  virus  to  mosquito-borne  hemorrhagic  fever. 
A  jungle  reservoir  (monkey)  has  recently  been  demonstrated  for  dengue.  The 
parasitological  research  is  based  on  studies  of  trematode  ecology  and 
interactions  of  various  parasites  in  the  snail  host  and  the  ecology  of 
Malayan  pentastomes  or  tongue  worms.  The  snail  trematode  antagonism  studies 
are  directed  toward  the  biological  control  of  schistosomiasis,  and  this  ICMR 
represents  a  leading  world  resource  for  this  important  field  research. 
Investigators  from  this  ICMR  have  also  studied  the  histopathology  of  host 
reaction  to  acarine  parasites,  the  relationship  of  monkeys  to  human  malarial 
infection,  and  jungle  cycles  of  scrub  thyhus,  Q  fever,  and  tick  typhus. 
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Abundance,  distribution,  life  cycles  and  ectoparasites  of  rodents  closely 
associated  with  man  have  also  been  studied.  Work  on  the  possible  role  of 
the  Indian  fruit  bat  as  a  reservoir  of  human  viral  infections  has  been 
completed.  Other  field  studies  include  the  investigation  of  bacteria  and 
viruses  pathogenic  for  man  in  monkey  populations.  Socio-cultural  studies 
concerned  with  Malayan  attitudes  toward  health  and  nutrition  and  the  influence 
of  native  and  western  practitioners  of  medicine  upon  these  attitudes  have 
been  undertaken  by  a  number  of  variously  trained,  medically  oriented  social 
scientists. 

Tulane  University  (New  Orleans,  Louisiana) 

Program  Director:  Dr.  Paul  C.  Beaver 

Tulane  University,  with  the  participation  of  the  Department  of  Tropical 
Medicine  and  Public  Health,  other  departments  of  the  Medical  School,  and 
the  Department  of  Anthropology  and  Sociology,  is  collaborating  with  the 
Universidad  del  Valle,  Cali,  Colombia.  The  research  work  is  in  two  general 
areas:  causes,  prevalence  and  distribution  of  human  diseases  with  human 
relevance,  and  physical  environments  which  determine  ill  or  well-being. 

Parasitic  diseases  research  has  continued  to  focus  principally  around  the 
following  diseases:  trypanosomiasis,  malaria,  filariasis,  and  amebiasis. 
The  local  epidemiology  of  Venezuelan  Equine  Encephalitis  has  been  studied 
and  documented  following  the  recent  epidemic.  The  Virus  Group  also  has  a 
continuing  interest  in  rabies.  A  comprehensive  clinical  evaluation  of 
bacterial  meningitis  treatment  regimens  is  in  process.  Finally,  the  multi- 
disciplinary  study  of  frustrated  suicides  has  recently  been  continued  and 
refined.  Nevv  projects  are  concerned  with  maternal  and  child  health,  family 
planning,  and  include  health  services  research. 
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NATIONAL  INSTITUTE  OF  ALLERGY  AND  INFECTIOUS  DISEASES 
LABORATORY  AND  CLINICAL  RESEARCH,  JULY  1973-JUNE  1974 
Report  of  Scientific  Director 

The  Laboratory  and  Clinical  Research  Program  continues  to  be  productive  as 
detailed  in  the  individual  summaries  of  the  Laboratory  Chiefs.   A  particularly 
notable  event  was  the  first  visualization  of  hepatitis  A  virus  by  the  technic 
of  immune  electron  microscopy.   Dr.  Stephen  Feinstone,  working  with  Dr.  Albert 
Kapikian  who  taught  him  the  technic,  and  Dr.  Robert  Purcell  who  supplied  the 
materials,  achieved  this  as  a  Research  Associate.   This  work  which  has  since 
been  independently  confirmed  exemplifies  the  opportunities  open  to  young  post 
doctoral  scientists  in  the  laboratories  and  opens  pathways  for  the  identifi- 
cation of  the  virus  in  J^  vito  systems  by  some  mechanism  other  than  use  of 
human  volunteers.   The  accomplishment  is  singled  out  because  of  the  long 
history  of  frustration  of  many  excellent  scientists  which  preceded  it  and  be- 
cause of  its  importance  to  a  major  NIAID  program  area. 

The  year  ended  with  the  disestablishment  of  the  Laboratory  of  Microbiology 
as  a  result  of  personnel  ceiling  reductions.   Professional  staff  were  re- 
assigned into  other  laboratories,  often  with  loss  of  technical  support.   It 
was  an  unpleasant  episode  that  interrupted  work  by  these  scientists  and  which 
will  have  the  long-range  effect  of  further  decreasing  their  productivity.   A 
small  contingent  that  had  been  involved  in  a  close  collaboration  on  research 
involving  streptococci  were  reconstituted  into  a  Laboratory  of  Streptococcal 
Diseases  under  Dr.  Roger  Cole. 
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In  addition  to  closing  out  the  Laboratory  of  Microbiology,  the  volunteer 
facility  in  the  Federal  Penitentiary  at  Atlanta,  Georgia,  was  closed.   This 
facility  which  had  been  entirely  devoted  to  research  on  primate  malarias,  in- 
cluding chemotherapy,  has  a  long  and  distinguished  record.   Its  closing,  while 
assisting  the  NIAID  to  meet  its  reduced  personnel  ceiling,  was  not  solely  for 
that  reason.   Rather,  it  was  a  program  decision  to  consolidate  all  parasitolog- 
ical  research  at  the  NIH  with  a  change  in  direction  in  malaria  research  towards 
the  more  fundamental  processes  of  host-parasite  interactions  and  mechanisms  of 
resistance.   The  former  primate  malaria  research  section  in  Chamblee,  Georgia, 
was  also  closed  out  and  moved  to  Bethesda.   Its  staff,  with  one  exception, 
chose  not  to  accept  relocation,  and  the  majority  were  employed  by  the  Center 
for  Disease  Control.   The  germfree  animal  unit  of  the  Laboratory  of  Microbial 
Immunity  was  also  terminated,  the  space  thereby  afforded  being  important  in 
the  consolidation  of  parasitological  research. 

The  Board  of  Scientific  Counselors  met  at  the  Rocky  Mountain  Laboratory  in 
August  1973.   Dr.  Robert  S.  Stone,  the  recently  appointed  Director,  NIH, 
attended  that  meeting.   The  Board  was  complimentary  on  most  of  the  work  which 
was  presented  to  them  in  some  detail.   It,  however,  reiterated  previous  views 
that  the  NIH  needed  to  either  increase  the  number  of  professional  staff, 
especially  in  virological  research,  or  to  seek  some  other  solution  to  the 
problem  if  this  were  not  possible.   These  views  related  to  the  reductions 
in  staffing  which  have  been  necessitated  by  reductions  of  the  NIAID  personnel 
ceilings,  the  under-utilizat ion  of  facilities,  and  the  limited  capacity  of  the 
NIAID  to  provide  new  and  vigorous  talent  to  exploit  the  research  on  slow 
viruses,  mycobacterial  fractions,  and  other  areas. 
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The  Board  met  at  the  NIH  in  April,  1974,  in  the  first  of  a  planned  two  meet- 
ings to  examine  the  rationale  for  NIAID  (and  NIH)  intramural  research  and 
discuss  future  program  directions.   All  Laboratory  Chiefs  spent  the  two  days 
of  the  meeting  in  discussions  with  the  Board  as  to  the  present  thrusts  and 
future  directions  of  research  in  their  respective  areas,  i.e.,  virology, 
immunology,  bacterial  and  mycotic  diseases,  parasitic  and  vector  borne 
diseases.   The  discussions  were  fruitful  and  laid  the  groundwork  for  the 
Board's  further  consideration  of  NIAID  program  directions  in  the  fall  of  1974 

The  continuing  need  for  access  to  healthy  volunteers  for  research  on  respira- 
tory viruses  and  acute  non-bacterial  gastroenteritis  led  to  initiation  of  a 
contract  for  a  volunteer  facility  at  the  University  of  Maryland  Medical  Cen- 
ter in  Baltimore.   The  contract  which  provides  for  collaboration  in  research 
in  volunteers  recruited  from  the  community  (colleges  and  other  sources)  was 
awarded  after  a  competitive  review  of  these  proposals  received  as  a  result 
of  advertising.   If  successful,  it  will  shift  such  research  out  of  prison 
populations  where  much  of  it  has  been  done  in  the  past.   It  will  expand  the 
capabilities  of  the  normal  volunteer  program  of  the  Clinical  Center  for 
NIAID  scientists. 

In  response  to  DHH^  and  NIH  desires  that  programs  be  better  defined  in  pro- 
gram planning  and  budgetary  presentations,  the  NIAID  has  categorized  its  re- 
search into  four  broad  general  areas.   These  are  listed  along  with  the  per- 
centage of  laboratory  staff  professionals  engaged  as  follows: 
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Program  Area  Number 

Allergy  and  Immunologic  Diseases 
Virus  Diseases 

Bacterial,  Mycoplasmal  and  Mycotic  Diseases 
Parasitic  and  Vector  Borne  Diseases 

TOTAL  166 


7 

/o 


44 

26.5 

58 

35.0 

24 

14.4 

40 

24.1 

( 


100.0 


This  reflects  the  heavy  emphasis  in  the  research  program  on  infectious 
diseases,  particularly  virology,  over  the  course  of  many  years.   Clinical  re- 
search in  allergy  or  immediate  hypersensitivity  has  only  recently  been  intro- 
duced and  the  immunological  research  enhanced  largely  at  the  expense  of 
bacteriological  and  parasitic  diseases  research.   The  relatively  large  per- 
centage of  staff  devoted  in  the  last  area  is  a  result  of  the  inclusion  of  the 
acarology  and  other  vector  borne  disease  research  staff  at  the  Rocky  Mountain 
Laboratory  under  this  rubric. 
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LABORATORY  OF  CLINICAL  INVESTIGATION 

Siimmary 1 

10(c)  -  Office  of  the  Chief 10 

11(c)  -  Clinical  Care  Program  in  Support  of  Research  Projects 12 

12(c)  -  Mechanisms  of  Fever  and  Host  Responses 1I+ 

18(c)  -  Immunology  and  Chemotherapy  of  Systemic  Mycoses  2U 

23(c)  -  Observations  on  Secretory  Immunoglobulins  (Primarily  Canine, 

but  Includes  Rabbits,  Guinea  Pigs  and  Humans)    30 

30(c)  -  Studies  on  the  Interaction  of  Antibody  and  Complement  in  the 

Production  of  Immune  Damage  3^ 

33(c)  -  Pathogenesis  of  Delayed  Hypersensitivity   39 

36(c)  -  The  Structural  Correlates  of  Antigen  and  Mitogen  Intsraction 

with  Immunocompetent  Cells   53 

Uo(c)  -  Clinical  Studies  on  Patients  with  Known  or  Suspected  Parasitic 

Diseases 5^ 

UU(c)  -  The  Pathophysiology  of  Autoimmune  Hemolytic  Anemia   57 

U5(.c)  -  Ultrastructural  Correlates  of  the  Cellular  Events  in  Host 

Defense  Mechanisms  in  Man  and  Experimental  Animals   61 

h6{c)   -   Immunobiologic  and  Ultrastructural  Characterization  of  the 

Mechanism  of  Antigen  Recognition   62 

H7(c)  -  Clinical  Studies  of  Complement  Abnormalities  of  Man  68 

U8(c)  -  Antibody  Responses  in  the  Respiratory  Tract  Following 
Immunization  with  Pseud omonas  Aeruginosa  Vaccine  and 
Enhancement  of  Bacterial  Phagocytosis  and  Killing  by 
Respiratory  Macrophages  with  Immune  Opsonic  Antibodies   71 

51(c)  -  Human  Responses  to  Salmonella  typhosa  Vi  Antigen 

(Clinical  Research  #73-1-01 )   76 

52(c)  -  Antibiotic  Kinetics  in  Respiratory  Secretions  79 

53(c)  -  The  Etiology  and  Clinical  Characteristics  of  Acute  Infectious 

Nonbacterial  Gastroenteritis   82 
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55(c)  -  Granulocyte  Physiology  ....,..,  91 

56(c)  -  The  Biochemical  Pathways  of  Media.tor  Release  and  Mechanism 

of  Tissue  Injury  in  Allergic  Diseases   96 

5T(c)  -  Basic  Studies  on  Pathogenic  Fungi   101 

58(c)  -  The  Pathogenesis  and  Chemotherapy  of  Herpes  Virus  Infections 

in  Man IO6 

59(c)  -  The  Biology  of  Human  Parvoviruses  (Adenovirus-associated  Viruses).  110 


.1 


( 


i 


II 


Summary  of  Program 

Laboratory  of  Clinical  Investigation 

July  1,  1973  -  June  30,  197^ 


Sheldon  M.  Wolff,  M.  D. ,  Chief  of  Laboratory 
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Introduction 

The  past  year  has  been  one  of  continued  activity  and  increasing  productivity 
by  the  members  of  the  Laboratory  of  Clinical  Investigation.  Many  notable 
achievements  have  been  made  in  a  wide  variety  of  areas  of  clinical  investiga- 
tion.  The  numbers  of  individuals  from  all  over  the  world  who  have  requested 
training  positions,  the  large  number  of  invitations  to  participate  in  important 
scientific  events,  the  continued  increase  in  n\ambers  and  quality  of  publica- 
tions all  attest  to  the  vitality  and  substance  of  the  members  of  the  LCI. 
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Unfortvinately,  Dr.  David  C.  Dale  will  be  leaving  us  this  summer  to  accept  a 
senior  position  in  the  Department  of  Medicine  of  the  University  of  Washington 
School  of  Medicine.   Dr.  Dale's  exceptional  talents  as  both  a  clinician  and 
investigator  will  be  sorely  missed  by  all  of  us.   His  departure  deprives  us 
of  an  area  of  investigation  (granulocyte  physiology  and  function)  vital  to  our 
needs  to  study  the  whole  host.   Because  of  the  personnel  situation  within  the 
National  Institute  of  Allergy  and  Infectious  Diseases,  we  shall  not  be  able  to 
recruit  an  able  investigator  into  this  area. 


Although  Dr.  John  Gallin  will  be  leaving  this  year  to  become  Chief  Resident  in 
Medicine  at  New  York  University  School  of  Medicine,  he  will  return  to  the 
permanent  staff  of  the  LCI.   Dr.  Gallin  has  been  exceptionally  productive,  and 
we  look  forward  to  his  return.   Dr.  Michael  A.  Kaliner,  who  trained  in  the 
allergy  program  at  the  Robert  B.  Brigham  Hospital,  will  be  joining  the  allergy 
program  of  LCI  upon  completion  of  his  militaj:y  service  in  1975.   His  addition 
to  our  staff  will  give  us  considerable  strength  in  the  area  of  immediate  hyper- 
sensitivity. 
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The  retiorn  of  Dr.  Raphael  Dolin  this  past  year  has  allowed  our  modest  program 
in  virology  to  begin  to  grow  and  become  stronger.   Dr.  Dolin 's  research  into 
non-bacterial,  infectious  gastroenteritis  has  made  considerable  progress,  and 
he  has  begun  studies  on  antiviral  chemotherapy. 
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We  continue  to  receive  many  more  qualified  applicants  for  positions  in  LCI 
than  we  have  positions.   During  the  past  year,  postdoctoral  trainees  from 
Switzerland,  England,  and  Sierra  Leone  worked  in  LCI.   Residents  from  WaJ-ter 
Reed,  Bethesda  Naval,         Georgetown  University  and  George  Washington 
University  Hospitals  all  worked  on  our  wards  as  did  students  from  many  medical 
schools  throughout  the  U.S.A. 
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Our  patient  census  continues  to  run  higher  than  most  of  the  other  services  at 
the  NationaJ.  Institutes  of  Health.   We  have  received  excellent  and  valued  sup- 
port from  the  nursing  service  and  the  Clinical  Center.  Members  of  LCI  continue 
to  play  important  roles  throughout  the  NIH  by  serving  on  the  Medical  Board, 
Clinical  Research  Committee,  Radiation  Commttee,  etc.   We  are  well  represented 
as  participants  in  major  medical  and  scientific  meetings  all  over  the  world. 
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Despite  the  obvious  productivity  and  success  of  the  members  of  LCI,  we  still 
have  the  perennial  problems  of  too  few  positions  and  not  enough  space.   In 
order  to  maintain  the  quality  of  staff  presently  working  in  LCI,  we  will  need 
to  increase  our  support  personnel  and  the  space  available. 

Research  Accomplishments 

The  Laboratory  continues  to  place  major  emphasis  on  studies  relating  to  clini- 
cal immunology,  virology,  mycology  and  host  defense  mechanisms.   The  role  and 
function  of  blood  cells  as  major  determinants  of  resistance  to  infections  axe 
extensively  investigated. 

PATHOPHYSIOLOGY  OF  HEMOLYTIC  MEMIA 

These  studies  have  now  defined  in  an  animal  model  the  factors  which  influence 
the  clearance  and  destruction  of  erythrocytes  in  the  circulation.   These  fac- 
tors include:   the  class  of  antibody  which  coats  the  erythrocyte,  whether 
complement  is  activated,  the  state  of  activation  of  cells  of  the  fixed  phago- 
cytic system  and  the  microcirculation  in  the  various  organs  of  the  reticulo- 
endothelial system.   The  studies  have  examined  the  function  of  various  agents 
which  are  used  in  the  treatment  of  the  disease,  autoimmune  hemolytic  anemia 
and  defined  which  of  the  various  events  in  the  disease  cycle,  autoantibody  syn- 
thesis as  opposed  to  altered  cell  destruction  that  they  affect.   Recent  studies 
have  extended  these  findings  to  man  and  it  has  been  possible  to  show  that  many 
of  the  conclusions  derived  from  animal  studies  can  be  directly  applied  to  man. 
(Atkinson,  Frank) 

STUDIES  ON  THE  -  INTERACTION  OF  ANTIBODY  AND  COMPLEMENT  IN  THE  PRODUCTION  OF 
IMMUNE  DAMAGE 

These  studies  have  investigated  the  interactions  between  antibody,  complement 
and  tissue  cells  at  several  levels  of  relevance  to  clinical  problems.   At  a 
practical  clinical  level,  a  new  sensitive  test  for  the  complement  component  C^ 
has  been  developed.   The  test  as  developed  can  be  performed  in  a  routine 
hospital  laboratory  and,  therefore,  should  make  functional  assays  of  this 
component  generally  available.   New  methods  for  identifying  cells  in  tissue 
sections  have  been  discovered  and  these  should  prove  useful  in  a  wide  variety 
of  histopathological  studies.   At  a  more  basic  level  a  number  of  the  factors 
which  allow  an  invading  microorganism  to  be  opsonized  have  been  identified  as 
have  some  of  the  receptors  on  phagocytic  cells  which  allow  this  opsonization 
to  proceed.   Finally,  some  of  the  factors  which  influence  C3  tiirnover  and  the 
effects  of  drugs  on  the  turnover  of  this  component  have  been  examined. 
(Frank,  Gaither) 

CLINICAL  STUDIES  OF  COMPLEMENT  ABNORMALITIES  IN  MAU 


These  studies  are  helping  to  define  the  function  of  complement  in  the  normal 
and  diseased  individual.   To  that  end  immunologic  function  in  families  with  C6 
and  C2  deficiency  have  been  evaluated.   Studies  of  therapy  jf  hereditary 
angioedema  with  EACA  and  Provera  have  been  continued.   Complement  component 
alterations  in  chronic  malaria  have  been  defined  and  attempts  to  detennine  how 
activation  of  these  components  contribute  to  the  manifestations  of  this  disease 
are  being  made.   (Frank,  Neva) 


CELL-MEDIATED  IMMUNITY 

The  studies  of  chronic  candidiasis  as  a  model  of  defective  cell-mediated 
immunity  have  been  extended  and  now  include  29  patients.   The  prediction  that 
clinical  and  immunological  characterizations  would  serve  to  identify  various 
classes  of  patients  has  been  borne  out.   Furthermore,  these  studies  have  facil- 
itated the  selection  of  treatment  schedules.   One  mode  of  therapy,  restoration 
of  cell-mediated  immunity  with  transfer  factor,  is  apparently  beneficial. 
However, the  mechanism  of  action  of  transfer  factor  and  the  importance  of  using 
donors  with  positive  Candida  skin  tests  has  not  been  established.   (Kirkpatrick) 

Characterization  of  the  physico-chemical  properties  of  transfer  factor  is  under- 
way.  Thus  far,  a  unique  chemotactic  substance  in  transfer  factor  has  been 
identified,  and  some  preliminary  assays  of  its  composition  have  been  completed. 
(Kirkpatrick,  Gallin) 
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AJJTIGEN  RECOGNITION 

Antigen  recognition  by  immune  lymphocytes  requires  an  obligatory  uptake  of 
antigen  by  macrophages.   The  handling  of  soluble  protein  antigens  by  macro- 
phages is  complex,  although  a  major  portion  of  most  (approximately  80^)  of 
macrophage-bound  radiolabelled  antigen  is  either  released  or  degraded  rapidly 
(T-1/2  in  three  to  six  hours).   In  view  of  previous  studies  this  degradative 
pathway  likely  occurs  via  fluid-phase  (macro)  pinocytosis.   A  second  functional 
pathway  is  not  degradative  and  may  occur  via  an  adherence  dependent  pathway 
(micropinocytosis ) .   This  latter  pool  is  stable  for  up  to  72  hours  with 
respect  to  TCA  and  antibody  precipitability  and  is  not  present  on  the  surface 
membrane  as  judged  by  binding  of  specifically  purified  FAB' 2  anti-antigen  or 
by  proteolytic  enzyme  susceptibility.  Moreover,  anti-antigen  does  not  inhibit 
T  lymphocyte  recognition  of  macrophage-bound  antigen. 

Recognition  of  macrophage-bound  antigen  precedes  via  ain  initial  reversible 
antigen  independent  binding  of  lymphocyte  to  the  macrophage.   This  event 
requires  active  macrophage  but  not  lymphocyte  metabolism.   This  initial  antigen- 
independent  binding  is  followed  by  a  period  of  antigen  dependent  binding  and 
cell  division  if  and  only  if:l)  both  macrophage  and  lymphocyte  share  identity 
of  membrane  H-linked  determinants,  and  2)  the  macrophage  carries  the  appro- 
priate antigen  for  which  the  lymphocyte  bears  an  immunospecific  receptor. 
Thus,  antigen-independent  binding  would  serve  to  approximate  or  focus  T  or  B 
lymphocytes  on  macrophages  without  conveying  immunological  specificity;  a  sub- 
sequent antigen  and  histocompatibility  dependent  physical  and  functional  phase 
of  macrophage-lymphocyte  interaction  would  serve  to  convey  specificity  and 
facilitate  regulation  of  genetically  controlled  immune  responses.   Further 
studies  to  evaluate  this  model  axe  in  progress.   (Rosenthal,  Lipsky,  Ellner, 
Greineder,  Blake,  Cehrs). 

KININS 

Studies  of  the  mechanism  of  generation  of  bradykinin  in  human  plasma  and  the 
interrelationship  of  this  pathway  with  the  coagulation,  fibrinolytic  and 
complement  pathways  are  being  investigated.   Further  progress  has  been  made  in 
preparing  large  quantities  of  unactivated  Hageman  factor  and  its  substrates. 
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pre-PTA,  prekallikrein,  and  plasminogen  proactivator  from  human  plasma.   Pre- 
PTA  has  been  totally  purified  from  plasma  by  chromatography  on  QAE  Sephadex, 
SP  Sephadex,  Sephadex  G-150  and  passage  over  an  anti-IgG  immunoabsorbant .   It 
was  found  to  have  a  molecular  weight  of  165,000-175,000  and  an  isoelectric 
point  of  9.0-9.1.   It  is  activated  enzymatically  by  Hageman  factor  or  Hageman 
factor  fragments.   The  major  plasma  inhibitor  of  activated  PTA  appears  to  be 
a-|_  antitrypsin.   However,  CI  INH  and  antithrombin  III  also  contribute  signi- 
ficantly to  its  destruction.   (Kaplan,  Heck) 

Kallikrein  and  plasminogen  activator  were  found  to  be  chemotactic  for  hxaman 
mononuclear  cells  in  addition  to  their  previously  described  activity  upon  neu- 
trophils.  This  chemotactic  activity  was  dependent  upon  the  integrity  of  the 
active  site  of  each  enzyme  and  the  natural  inhibitors  of  each  enzyme  were  shown 
to  also  function  as  chemotactic  inhibitors.   Thus,  02  macroglobulin  inhibits 
the  chemotactic  activity  of  both  kallikrein  and  plasminogen  activator  whereas 
CI  INH  inhibits  only  kal.likrein.  Activation  of  these  factors  has  been  shown 
to  be  initiated  both  i_n  vitro  and  iri  vivo  by  highly  purified  bacterial  endo- 
toxin.  (Kaplan,  Gallin) 

The  Fletcher  factor  deficiency  was  further  evaluated  and  was  found  to  be 
secondary  to  prekallikrein  deficiency.   Thus,  this  plasma  generates  no  brady- 
kinin;  however,  its  coagulation  and  fibrinolytic  defects  are  caused  by  absence 
of  a  feedback  mechanism  in  which  kallikrein  activates  Hageman  factor.   However, 
although  activated  Hageman  factor  corrects  all  of  the  defects  of  this  plasma 
(except  kinin  generation),  reconstitution  with  kallikrein  in  the  absence  of 
kaolin  does  not  recruit  sufficient  Hageman  factor  to  correct  the  coagulation 
and  fibrinolytic  defects,  suggesting  that  Hageman  factor  and  kallikrein  activate 
each  other  enzymatically  on  -Qie  surface  but  that  initiation  by  the  surface  is 
solely  dependent  upon  Hageman  factor.   (Kaplan) 


Cold  urticaria  has  been  found  to  be  IgE  mediated  in  most  patients.   The 
symptoms  of  itching  and  swelling  in  response  to  cold  has  been  shown  to  be  medi- 
ated largely  by  histamine  release.   This  was  concluded  after  serial  determina- 
tion of  plasma  histamine  levels  by  the  radioenzyme  method  in  patients  challenged 
with  a  cold  stimulus.  The  sensitivity  can  be  passively  transferred  to  normal 
volunteers  by  a  standard  Prausnitz-Kaustner  (PK)  test;  the  activity  of  the 
patients'  plasma  can  be  removed  by  passage  over  an  anti-IgE  immunoabsorbant. 
The  eluted  IgE  is  being  studied  in  terms  of  the  effect  of  temperature  upon  its 
interaction  with  human  basophils  and  mast  cells.   (Kaplan) 

PUMONARY  HOST  DEFENSES 


The  general  area  of  pulmonary  host  defenses  and  nosocomial  infections  is  being 
investigated,  using  Pseudomonas  pneumonia  as  the  prototype  infection  because 
of  its  frequent  occurrence  in  immunosuppressed  patients  who  are  most  suscepti- 
ble to  opportunistic  microorganisms.   Initial  work  has  been  done  in  rabbits  to 
explore  ways  of  manipulating  antibody  production  in  the  respiratory  tract  and 
to  assess  the  effectiveness  of  these  antibodies  in  promoting  phagocytosis  and 
killing  by  alveolar  macrophages.   IgG  was  found  to  be  the  principal  opsonin 
in  the  lung;  maximal  amounts  of  IgG  opsonic  antibody  could  be  produced  with  a 
combination  of  intramuscular  and  intranasal  (local  secretory  IgG  produced) 
immunization.   IgA  antibody  was  induced  with  intranasal  vaccination  but  was 


Judged  to  have  less  opsonic  activity.   Competent  phagocytic  cells  are  essential 
for  the  pulmonary  defenses.   In  addition,  intranasal  immunization  with  Pseudo- 
monas  lipopolysaccharide  sensitized  respiratory  lymphocytes  which  could  be 
induced  to  release  migration  inhibition  factor,  which  is  an  in  vitro  correlate 
of  delayed  hypersensitivity  or  cellular  immunity.   However,  evidence  of  cellu- 
lar immunity  in  the  respiratory  tract  was  transient  following  primary  immuniza- 
tion and  persisted  only  about  three  weeks.   Thus,  the  importance  of  cellular 
immunity  in  the  coordinated  host  defense  of  the  lung  against  Pseudomonas 
infection  needs  to  be  assessed  further.   (Reynolds) 

ANTIBIOTIC  CONCENTRATION  IN  THE  LUNG 

Frequently,  antibiotic  therapy  is  ineffective  in  severe  pulmonary  infections 
such  as  Pseudomonas  pneijmonia  becuase  adequate  concentrations  of  the  drugs  are 
not  obtained  in  the  lung  or  respiratory  secretions.   Relatively  little  informa- 
tion is  available  about  the  penetration  of  antibiotics  into  the  lung  secretions 
or  about  the  clearance  from  them.   Studies  in  a  dog  ;nodel  with  gentamicin, 
tobramycin,  and  carbenicillin  have  shown  that  maximal  concentrations  of  these 
drugs  in  bronchial  secretions  range  from  15-30^  of  maximal  serum  values  and 
that  30-50^  of  Pseudomonas  aeruginosa  isolates  may  not  be  adequately  inhibited 
by  these  levels  of  antibiotics.   However,  the  clearance  of  antibiotics  from 
the  bronchial  secretions  is  relatively  prolonged  compared  with  serum  (T-l/2  in 
bronchial  secretion  is  two  to  three  times  longer),  suggesting  that  the  effective 
concentrations  in  the  bronchial  secretions  may  be  longer,  if  adequate  levels 
could  be  achieved.   (Reynolds,  Pennington) 

SECRETORY  IMMUNOGLOBULINS 
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The  ultrastructure  of  canine  secretory  component  and  J-chain  are  being  investi- 
gated new  that  they  have  been  isolated  and  purified  from  secretory  IgA;  the 
combination  of  these  chains  with  7S  IgA  monomer  may  elucidate  the  assembly  of 
the  secretory  IgA  molecule.   (Reynolds) 

PEYER'S  PATCH  LYMPHOCYTES 

While  investigating  the  origin  of  precursor  cells  that  differentiate  into 
immunoglobulin  secreting  plasma  lymphocyte  cells  in  the  gastrointestinal  tract, 
the  interactions  of  orally  administered  antigens  and  processing  cells  (T-lympho- 
cytes )  in  gut-associated  lymphoid  tissue  (Peyer's  patches)  were  studied  in 
adult  guinea  pigs.   A  detailed  identification  of  the  lymphoid  cell  populations 
in  Peyer's  patches  was  made.   (Reynolds,  Levin) 
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MECHANISM  OF  IMMUNOSUPPRESSION 


Studies  of  the  specific  effects  of  immunosuppressive  agents  in  man  have  shown 
that  corticosteroid-induced  lymphocytopenia  results  not  from  a  destruction  of 
circulating  lymphocytes,  but  from  a  redistribution  of  these  long-lived 
recirculating  thymus-derived  lymphocytes  to  other  body  compartments.   It  was 
demonstrated  in  the  guinea  pig  (which  is  similar  to  man  in  its  sensitivity 
to  corticosteroids)  that  this  redistribution  is  to  the  bone  marrow.   Thus, 
corticosteroids  enhance  the  immunocompetence  of  the  bone  marrow  while 
selectively  depleting  peripheral  blood  lymphocyte  subpopulations.   Patients 
on  alternate-day  prednisone  therapy  have  a  cyclic  time  and  dose-related 
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transient  lymphocjrtopenia  and  monocybopenia  with  every  two-day  cycle  of  drug 
administration.   These  effects  are  not  cumulative  and  immunological  function 
is  normal  except  for  a  few  hoxirs  following  the  drug.   This  explains  the  intact 
delayed  hypersensitivity  responses  and  nonnal  host  defenses  in  these  pa.tients. 
(Fauci) 

Animal  model  studies  have  shown  that  corticosteroid-induced  immunosuppression 
is  due  to  a  redistribution  of  circulating  lymphocytes,  as  well  as  an  inter- 
ference with  the  effector  limb  of  the  immune  response.   Cytotoxic  agents  such 
as  cyclophosphamide  and  azathioprine  have  complex  mechanisms  of  action  and 
affect  lymphocyte  subpopulations  in  a  divergent  manner  explaining  the  varying 
effectiveness  of  these  different  agents  in  certain  diseases.   (Fauci,  Balow, 
Hurley ) 

GRANULOCYTES 

Studies  of  cyclic  neutropenia  indicate  that  there  is  cyclic  hematopoiesis  in 
this  disease  with  cyclic  changes  of  erytiiropoietin  and  colony  stimulating 
factor.   The  neutrophils  in  canine  cyclic  neutropenia  are  defective.   The 
canine  disease  can  be  cured  by  marrow  transplantation.   Prednisone  causes 
prolongation  of  the  neutrophil  half-life.   With  alternate-day  prednisone,  the 
day  off  therapy  neutrophil  kinetics  are  normal.   This  form  of  therapy  is  not 
accompanied  by  any  increased  susceptibility  to  infections.   (Dale,  Chusid) 

FEVER 

Human  leukocytic  pyrogen  has  been  found  to  be  at  least  two  distinct  molecules, 
one  derived  from  monocytes  and  the  other  from  granulocytes.   Both  are  proteins 
but  the  monocyte  pyrogen  has  a  molecular  weight  of  38,000  and  an  isoelectric 
point  of  5-1,  while  the  neutrophil  pyrogen  has  a  molecular  weight  of  15,000 
and  an  isoelectric  point  of  6.9.   There  are  other  biologic  and  chemical  dif- 
ferences as  well.   (Dinarello,  Wolff) 

FMILIAL  MEDITERRANEAN  FEVER 

A  controlled,  double-blind  trial  has  demonstrated,  for  the  first  time,  that 
colchicine  is  an  effective  prophylactic  agent  in  the  prevention  of  acute 
attacks  of  familial  Mediterranean  fever.   (Dinarello,  Ailing,  Dale,  Wolff) 

NONSPECIFIC  RESISTANCE 

A  water  soluble  material  derived  from  cultures  of  M.  smegmatis  has  been  shown 
to  be  effective  in  inducing  resistance  to  a  wide  variety  of  infections  in  mice. 
Other  studies  have  demonstrated  that  endotoxin  and  etiocholanolone  both  have 
striking  effects  on  plasma  iron  and  feritin  in  human  beings.   (Elin,  Wolff) 

VIRAL  GASTROENTERITIS 


The  antigenic  relationships  between  three  viral  agents  of  gastroenteritis 
(Norwalk,  Hawaii,  and  Montgomery  County)  were  studied  by  cross  challenge  in 
volunteers  and  by  immune  electron  microscopy  (lEM).   Norwalk  and  Hawaii  appear 
to  be  antigenically  distinct,  while  Norwalk  and  Montgomery  County  appear  to  be 


related.   Employing  lEM,  a  viral  particle  of  possible  etiologic  significance 
was  visualized  in  stool  filtrates  from  volunteers  infected  with  the  Hawaii 
agent.   The  response  of  volunteers  experimentally  infected  with  Hawaii  virus 
was  also  examined.   Per-oral  intestinal  biopsies  revealed  jejunal  histopatho- 
logic changes  confined  to  the  mucosa  during  acute  illness,  with  apparent 
sparing  of  the  large  intestine.   These  reversible  changes  are  similar  to  those 
previously  described  for  the  Norwalk  agent,  and  may  represent  the  general 
lesion  of  viral  gastroenteritis.   PHA  stimulation  of  peripheral  lymphocytes 
was  depressed  during  acute  gastroenteritis  through  a  non-lymphopenic  mechan- 
ism.  (Dolin) 

HERPES  VIRUS  INPECTIONS 
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A  study  of  the  efficacy  of  adenine-arabinoside  (ARA-A)  in  the  treatment  of 
herpes  simplex  and  herpes  zoster  infections  in  the  immunosuppressed,  along 
with  herpes  simplex  encephalitis  in  adults  and  neo-nates,  was  begun,  in  a  ran- 
domized, double-blind,  controlled  trial.  A  rapid,  sensitive  in.  vitro  assay  of 
chemical  anti-viral  activity  was  established,  which  may  prove  clinically  use- 
ful in  measuring  levels  of  drugs  in  body  fluids  and  tissues.  Mean  concentra- 
tions of  ARA-A  and  lUDR  required  to  inhibit  growth  of  herpes  simplex,  herpes 
zoster,  cytomegalovirus  and  EBV  were  determined.   lUDR  and  ARA-A  appeared  to 
have  synergistic  activity  against  Herpes  Simplex  types  I  and  II  in  vitro. 
Techniques  for  assaying  the  effect  of  anti-viral  substances  on  viral  growth  in 
human  fetal  intestinal  and  tracheal  organ  cultures  were  developed.   (Dolin) 

PARVOVIRUSES  (ADENOVIRUS-ASSOCIATED  VIRUSES)  OF  MAJJ 
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The  adenovirus-associated  vir^ises  (AAV)  are  defective  viruses,  which  commonly 
infect  man,  but  have  not  been  associated  with  disease.   Herpes  viruses, 
including  oncogenic  viruses  of  primates,  EBV  and  H.  Saimiri ,  provided  incom- 
plete helper  functions  for  AAV.  Kinetic  studies  suggested  that  AAV  nucleic  acid 
replication  is  closely  linked  to  adenoviral  nucleic  acid  replication.   Condi- 
tional mutants  of  adenovirus  are  being  employed  to  further  study  this  inter- 
action.  (Dolin) 

HISTOPLASMOSIS 

The  causative  fungi  for  American  histoplasmosis  (Histoplasma  capsulatum)  and 
African  histoplasmosis  (H.  duboisii)  have  long  been  considered  as  two  different 
species  on  the  basis  of  their  clinical  manifestations  and  the  size  of  their 
yeast  cells  in  tissue.   Discovery  of  mating  system  in  H.  capsulatiim  at  our 
laboratory  made  it  possible  to  determine  the  relationship  of  the  two  fungi. 
Eighteen  clinical  isolates  from  cases  of  African  histoplasmosis  successfully 
mated  with  isolates  from  cases  of  American  histoplasmosis.   This  is  definitive 
evidence  that  the  two  fungi  belong  to  the  same  species.   The  test  also  indica- 
ted that  "-"  type  is  considerably  more  frequent  than  "+"  type  in  African 
histoplasmosis,  consistant  with  our  findings  with  American  histoplasmosis. 
( Kwon-Chung ) 
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ASPERGILLOSIS 

For  the  first  time,  resistance  to  nystatin  and  amphotericin  B  in  a  filamentous 
fungus  was  shown  to  he  genetically  controlled.  Using  strains  of  Aspergillus 
fennelliae  genetic  analyses  showed  that  the  sensitivity  to  the  drug  is  directly 
related  to  the  cell  content  of  ergosterol.   Also  ergosterol  synthesis  was 
directly  related  to  production  of  sexual  and  asexual  reproduction. 
(Kwon-Chung) 
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CRYPTOCOCCUS  NEOFORMANS 

Human  peripheral  blood  mononuclear  cells  have  been  found  able  to  kill  the 
encapsulated  fungus,  Cryptococcus  neof ormans ,  by  an  antibody  dependent,  non- 
phagocytic  mechanism.   Tissue  cells  have  been  known  to  be  destroyed  by  this 
mechanism  but  this  appears  to  be  the  first  description  of  a  microorganism  as 
the  target  cell.   (Bennett) 

Importance  of  the  alternate  complement  pathway  in  phagocytosis  of  cryptococci 
has  been  underscored  by  the  discovery  that  antibody-coated  cryptococci  are 
poor  receptors  for  early  components  of  the  classical  pathway.   (Bennett,  Frank) 

PARASITIC  DISEASES 

Gradually  increasing  numbers  of  referrals  for  questions  of  diagnosis  of  parasi- 
tic  infection  are  being  seen.   The  malaria  complement  studies  in  collaboration 
with  Drs.  Frank  and  Atkinson  have  been  written  up  for  publication  and  are  cited 
under  a  different  project  no.  (13^,  LPD)  as  are  the  studies  of  Dr.  Nash 
(No.  121-K,  LPD).   Most  of  the  effort  during  the  past  year  for  clinical  studies 
went  into  a  leishmaniasis  case  in  a  Peace  Corps  volunteer  from  Senegal,  Africa. 
His  orgpjTiism  has  been  established  in  a  mouse  model  which  promises  to  be  very 
useful  for  assessment  of  immunology  in  this  disease  and  drug  treatment.   The 
patient  was  resistant  to  therapy  in  spite  of  having  apparently  normal  cell- 
mediated  immune  responses.   Collaborative  studies  on  filariasis  are  being 
planned  as  an  extension  of  work  started  by  Drs.  Kaplan  of  LCI  and  Pacheco  of 
LPD  on  IgE  in  uses  of  eosinophilic  lung.    (Neva,  Nash) 

CHEMOTAXIS 

Clinical  studies  of  leukocyte  chemotaxis  in  patients  with  increased  suscepti- 
bility to  infections  have  demonstrated  defective  mononuclear  cell  chemotaxis 
in  patients  with  the  Chediak-Higashi  syndrome  as  well  as  in  mink  and  cattle 
with  a  similar  disease.   Abnormal  mononuclear  cell  chemotaxis  was  also  noted 
in  a  patient  with  mucocutaneous  candidiasis,  a  neutrophil  chemotactic  defect 
and  impaired  cellular  immunity.   Defective  neutrophil  chemotaxis  was  noted  in 
two  patients  with  hypogammaglobulinemia.   (Gallin) 

Studies  of  normal  neutrophil-chemotactic  factor  interaction  demonstrated  that 
decreases  in  surface  charge,  calcium  release  from  neutrophils  and  microtubule 
assembly  is  associated  with  a  normal  chemotactic  response.   In  vivo  generation 
of  chemotactic  factors  (products  of  the  complement ,  kinin-generating  and 
fibrinolytic  systems)  were  demonstrated  in  normal  volunteers  given  endotoxin. 
Studies  of  neutrophil  phagocytosis  demonstrated  neutrophil  secretory  products 
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capable  of  activating  the  complement  system  as  well  as  directly  cleaving  the 
chemotactic  factor  C5a  from  C5;  an  inactivator  of  C5a  was  also  demonstrated  to 
he  secreted  from  neutrophils  during  phagocytosis.  A  new  chemotactic  factor  in 
dialyzable  transfer  factor  has  been  described.   (Wright,  Gallin) 
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Cooperating  Units:   NONE 
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TOTAL 


Total 

3/12 

3/12 

Professional 

3/12 

3/12 

Other 

Project  Description: 

Objectives : 

To  develop,  direct  and  coordinate  the  program  of  the  Laboratory,  as 
defined  in  the  individual  research  projects;  where  necessary,  to  redirect 
individual  projects  to  meet  current  needs  and  advances  in  the  field;  to  align 
clinical  projects  with  patient  availability;  to  provide  an  unexcelled  standard 
of  patient  care  for  patients  utilized  in  research. 

Methods  Employed: 

Organize  available  staff  and  recruit  qualified  personnel,  both  profes- 
sional and  sub-professional  J  to  develop  the  program  and  carry  out  its  aims; 
maintain  close  liaison  with  area  medical  societies,  institutions  and  individ- 
uals for  referral  of  patients  whose  diagnoses  fall  within  the  active  or  pro- 
posed disease  research  categories;  the  highest  standards  of  patient  care  axe 
maintained  by  selection  of  qualified  physicians;  the  development  of  necessary 
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policies  axid  continued  close  aind  direct  supervision  of  patient  cau-e  activities: 
professional  consultant  services  to  other  institutes  in  the  area  of  infectious 
diseases;  continued  guidance  of  research  projects  undertaken  by  younger 
investigators;  maintenajice  of  staff  morale. 
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Proposed  Course:   To  continue. 

Publications: 

1.   Northinip,  R.  S.  and  Chissiri,  F.  V.;   Cholera  toxoid  reactions  in  h\aman 

volunteers.  Clinical  and  histological  studies.   Progr .  Immiinobiol . 

Standard.  5:  355-36i+,  1972. 
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Kasel,  J.  A.,  Couch,  R.  B.  ,  Gerin,  J.  L.  ,  ajid  Schulman,  J.  L.  :   Effect  of 
influenza  antineuraminidase  antibody  on  virus  neutralization.   Infect . 
Immun.   8:  130-131,  19T3. 
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Couch,  R.  B.,  Kasel,  J.  A.,  Pereira,  H.  G. ,  Haase,  A.  T, ,  and  Knight,  V. 
Induction  of  immunity  in  man  by  crystalline  adenovirus  type  5  capsid 
antigens.   Proc.  Soc.  Exp.  Biol.  Med.  lii3:  905-910,  1973. 

Bujak,  J.  S.,  Ottesen,  E.  A.,  Dinarello,  C.  A.,  and  Brenner,  V.  J.: 
Nocardiosis  in  a  child  with  chronic  grajiulomatous  disease.   J.  Pediatr. 
83:  98-100,  1973. 


5.   Sheagren,  J.  N.  ,  Simon,  H.  B.  ,  a,nd  Rich,  R,  R.  :   Therapy  of  sarcoidosis 

initiated  with  alternate-day  prednisone.  J.  Natl.  Med.  Assoc.  65:  391-398, 
1973. 
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6.   Murphy,  B.  R. ,  Chalhub,  E.  G. ,  Nusinoff,  S.  R.,  Kasel,  J.,  and  Chanock, 
R.  M. :   Temperature-sensitive  mutants  of  influenza  virus.   III.   Further 
characterization  of  the  ts-l[E]  influenza  A  recombinaJit  (HoNp)  virus  in 
man.   J.  Infect.  Pis.  128:  I+79-I+87,  1973. 
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Project  Description: 

Selected  patients  are  being  studied  on  the  wards  and  in  the  laboratory. 
The  patients  can  be  divided  into  the  following  groups:   patients  with  a)  recur- 
rent fever;  b)  Chediak-Higashi  syndrome;  c)  granulomatous  disorders;  d)  cyclic 
and  other  neutropenias;  e)  eosinophilia;  and  f)  hypersensitivity  states;  and 
normal  volunteers. 
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Extensive  studies  are  in  progress  relating  to  the  pathogenesis  of 
fever,  granulocyte  function,  immune  and  other  responses  of  humans  and  experi- 
mental animals  to  infections,  antigens,  etc. 

Objectives: 

1.  To  assess  varied  biologic  responses  of  normal  and  a  variety  of 
patients  to  pyrogens. 

2.  To  assess  the  responses  of  humans  to  multiple  doses  of  endotoxin 
(endotoxin  tolerance). 

3.  To  intensively  study  groups  of  patients  with  such  poorly  defined 
illnesses  as  familial  Mediterranean  fever,  recurrent  fever, 
Chediak-Higashi  syndrome,  midline  granuloma,  Wegener's  granulomato- 
sis, cyclic  and  other  neutropenias  in  an  attempt  to  better  delineate 
the  clinical  syndrome. 

k.      To  study  the  mechanisms  responsible  for  the  release  of  endogenous 
pyrogen. 

5.  To  characterize  and  purify  leukocytic  pyrogen. 

6.  To  assess  the  effect  of  immunosuppressive  agent-j  on  human  diseases. 

7.  To  explore  the  pathogenesis  of  the  increased  susceptibility  to 
infection  in  a  variety  of  diseases. 
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8.  To  determine  the  marrow  granulocyte  reserves  in  neutropenic  states 
and  to  perfect  tetter  tests  for  this  parameter. 

9.  To  study  the  effect  of  vitamin  A  on  infection  in  mice. 

10.  To  study  the  effect  of  fever  on  drug  metabolism. 

11.  To  determine  the  effect  of  endotoxin  and  etiocholanolone  on  coagula- 
tion and  iron  metabolism  in  maji. 

12.  To  define  the  features  of  the  beige  mouse  which  are  similar  to  the 
Chediak-Higashi  syndrome  of  man. 

13.  To  determi.ne  the  susceptibility  of  beige  mice  to  infection. 

ik.  To  assess  the  protective  effects  of  endotoxin  in  mice  challenged 
with  various  mycotic  organisms  and,  if  possible,  to  characterize 
the  humoral  and  cellular  factor Cs)  responsible  for  protection. 

15.  To  evaluate  the  specificity  of  limulus  amebocyte  lysate  for 
compounds  other  than  endotoxin. 

16.  To  evaluate  the  utility  of  the  limulus  amebocyte  lysate  test  to 
detect  endotoxemia  in  man. 

17-   To  characterize  the  humoral  factors  responsible  for  endotoxin 
tolerance. 

l8.   To  investigate  the  growth  of  C_,  albicans  in  human  sera. 

19-   To  identify  patients  with  abnormal  neutrophil  and/or  mononuclear 

cell  chemotaxis  and  patients  with  deficiencies  in  the  generation  of 
chemotactic  factors. 

20.  To  continue  studies  of  calcium  fluxes  during  chemotaxis  and  evalu- 
ate the  role  of  microtubules  in  the  chemotactic  response. 

21.  To  study  the  surface  charge  of  human  neutrophils  after  exposure  to 
chemotactic  factors. 

22.  To  evaluate  the  chemotactic  properties  of  products  of  phagocytosis. 

23.  To  continue  studies  on  the  chemotactic  activity  in  dialyzable 
transfer  factor. 

2k.      To  study  the  effect  of  in_  vivo  endotoxin  on  the  in  vitro  chemotactic 
activity  of  human  plasma. 

25.   To  continue  studies  on  the  chemotactic  activity  of  products  of  the 
fibrinolytic  and  kinin-generating  system. 
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Methods  Employed: 


Patients  and  volunteers  receive  varying  doses  of  endotoxin  and  etio- 
cholajiolone .   Rectal  temperatures  are  taken  and  a  variety  of  responses  are 
determined:   antibody  levels,  immunoglobulins,  plasma  Cortisol,  growth  hormone, 
serum  iron,  clotting  factors,  etc. 

The  mobilization  of  peripheral  granulocytes  in  response  to  etiocholano- 
lone,  endotoxin,  or  Cortisol  is  studied  in  patients  before,  during  and  after 
chemotherapy.   Changes  in  serum  iron  are  determined  by  standard  methods. 
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Microorganisms  were  grown  in  appropriate  media,  quantitated  by  turbidity 
and  intravenously  injected  into  mice. 


Limulus  axQebocyte  lysate  was  prepared  from  limulus  crabs.   The  lysate 
was  used  to  study  endotoxemia  in  man  and  specificity  of  the  reaction. 
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Mice  are  given  endotoxin  and  subsequently  challenged  at  varying  time 
intervals  with  such  infectious  agents  as  Candida  albicans ,  Plasmodium  berghei , 
etc.   Donor  mice  are  exsanguinated;  the  whole  sera  or  fractions  are  passively 
transferred  to  normal  mice,  which  are  then  challenged  with  the  infectious 
agent.   Iron  is  given  to  mice  to  study  its  protective  role  against  infections. 


Human  peripheral  leukocytes  are  incubated  overnight  with  killed  S_.  albus 
organisms.   The  resulting  supernatant  contains  leukocytic  pyrogen.   This 
material  is  concentrated  by  means  of  alcohol  precipitation,  dialysis,  column 
chromatography  and  fractionation,  isoelectric  focusing  and  electrophoresis. 

Peripheral  blood  leukocytes  were  separated  from  heparinized  whole  blood 
by  dextran  sedimentation  or  Hypaque-Ficoll  separation.   Neutrophil  chemotaxis 
was  evaluated  using  a  radioassay  employing  -^  Cr-labeled  leukocytes  and  a  double 
micropore  filter  Boyden  chamber  previously  developed  in  our  laboratory.   Mono- 
nuclear cell  chemotaxis  was  performed  with  a  morphologic  assay.   Chemotactic 
factors  were  generated  by  incubating  serum  with  either  endotoxins  or  antigen- 
antibody  complexes  (complement  related  factors)  or  with  kaolin  (kinin  related 
factors).   The  chemotactic  factors  were  then  purified  by  sephadex  chromato- 
graphy . 

Calcium  flux  studies  were  performed  using  Ca.  Leiikocyte  microtubules 
were  studied  morphologically  with  an  electron  microscope. 

Phagocytosis  was  studied  using  Hypaque-Ficoll  purified  neutrophils  and 
latex  particles  were  used  for  the  phagocytic  challenge. 

Patient  Material: 

Patients  are  admitted  to  the  Clinical  Center,  as  are  normal  volunteers, 
for  these  studies.  In  addition,  patients  from  other  Institutes  participate  in 
these  studies. 
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Ma.ior  Findings: 
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Patients  with  recurrent  fever  of  unknown  etiology  have  been  found  to 
represent  a  diverse  array   of  clinical  disorders. 

Hximan  leukocytic  pyrogen  has  been  found  to  be  at  least  two  molecules, 
one  from  polymorphonuclear  leukocytes  and  the  other  from  monocytes. 

Cyclophosphamide  has  produced  striking  remissions  and  clinicsLL  improve- 
ment in  patients  with  Wegener's  granulomatosis,  nephrosis  and  a  variety  of 
hypersensitivity  diseases. 

Poly  (I ) -poly  (C),  poly  (A ) -poly  (U),  ribonuclease,  thrombin  and 
thromboplastin  were  found  to  effect  a  positive  limulus  test. 

In  vitro  and  i_n  vivo  studies  demonstrated  that  changes  in  iron 
metabolism  induced  by  bacterial  endotoxin  are  a  key  factor  in  the  mechanism  of 
resistance  to  C_.  albicans  infection  in  mice. 

The  Chediak-Higashi  mice  had  a  significant  increased  susceptibility  to 
infection  with  E.  coli ,  IC.  pneumoniae,  S^.  aureus,  S_.  pneijmoniae  and  C_.  albicans . 
Serum  immunoglobulin  concentrations  (igGj,  IgG2,  IgA  and  IgM)  were  essentially 
the  same  in  both  groups  of  mice. 

Those  volunteers  who  achieved  a  significant  increase  in  fever  after 
etiocholanolone  injection  showed  a  significant  prolongation  of  their  plasma 
antipyrine  half-life  compared  with  the  plasma  antipyrine  half-life  during  an 
afebrile  control  period. 

Vitamin  A  was  found  to  induce  nonspecific  resistance  to  infection  in 
mice  using  P.  aeruginosa,  L.  monocytogenes  and  C_.  albicans  as  the  challenge 
organisms. 

Defective  mononuclear  cell  chemotaxis  was  demonstrated  in  patients  with 
the  Chediak-Higashi  syndrome  and  in  mink  and  cattle  with  a  similaj'  disease 
using  the  morphologic  and  a  new  51cr  radioassay  of  mononuclear  cell  chemotaxis. 
Abnormal  mononuclear  cell  chemotaxis  was  also  demonstrated  in  a  patient  with 
previously  described  depressed  neutrophil  locomotion.   Defective  neutrophil 
chemotaxis  was  found  in  two  patients  with  hypogammaglobulinemia.   Impaired 
generation  of  complement  related  chemotactic  factors  (C5a)  was  demonstrated  in 
serum  from  a  patient  deficient  in  the  "r"  fragment  of  the  first  component  of 
complement  and  deficient  chemotactic  factor  activity  was  noted  in  plasma  from 
patients  deficient  in  preKallikrein  (no  kallikrein)  or  Hagemfoi  factor 
(decreased  kallikrein  and  plasminogen  activator). 

An  association  between  chemotaxis,  calciiun  release  from  neutrophils  and 
microtubule  assembly  was  demonstrated.   Such  microtubule  assembly  may  be 
important  in  establishing  the  net  vector  of  locomotion  required  for  a  normal 
chemotactic  response. 
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Interaction  of  neutrophils  with  four  different  chemotactic  factors 
resulted  in  a  decrease  in  the  net  negative  surface  charge  of  the  cell.   This 
decrease  in  surface  charge  was  not  associated  with  sialic  acid  release  and  was 
not  seen  with  nonchemotactic  proteins.   These  results  may  represent  the  bind- 
ing of  chemotactic  factors  to  negatively  charged  membrane  receptors  or  may 
represent  membrane  surface  changes  associated  with  the  normal  chemotactic 
response.   Pretreatment  of  cells  with  steroids  prevented  the  chemotactic  fac- 
tor induced  changes  in  surface  charge. 

Phagocytizing  neutrophils  were  found  to  release  an  enzyme  that  directly 
cleaves  the  chemotactically  active  fragment  C5a  from  C5  and  also  activates 
the  complement  system  in  serum.   Also  released  by  phagocytizing  neutrophils  was 
a  C5a  inactivator.   These  secretory  products  of  phagocytosis  may  be  important 
in  regulating  inflammatory-immune  responses. 

Additional  studies  on  the  chemotactic  activity  in  dialyzable  transfer 
factor  demonstrated  this  material  has  in  vivo  (monkeys)  as  well  as  in  vitro 
chemotactic  activity.   More  refined  preparative  techniques  have  not  resulted 
in  the  separation  of  the  chemotactic  and  transfer  factor  activities  and  sug- 
gests that  their  activities  are  associated  with  the  same  molecule. 

In  vivo  administration  of  endotoxin  to  normal  human  subjects  resulted 
in  the  in_  vivo  generation  of  chemotactic  activity  in  about  50^  of  volunteers. 
Sephadex  chromatography  of  plasma  obtained  after  administration  of  endotoxin 
demonstrated  this  activity  resulted  from  activation  of  the  kinin  generating 
and  fibrinolytic  pathways.   Two  previously  undescribed  chemotactic  molecules, 
one  with  a  molec^olar  weight  about  the  same  as  albumin  and  one  with  a 
molecular  weight  about  the  same  as  histamine  were  also  noted.   These  latter  two 
molecules  were  also  generated  in  vitro  by  kaolin  activation  of  normal  serum; 
kaolin  activation  of  serum  deficient  in  prekallikrein  or  Hageman  factor  lacked 
these  molecules,  suggesting  that  they  result  from  Hagemaxi  factor  activation. 
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Kallikrein  and  plasminogen  activator  were  found  to  have  potent  chemo- 
tactic activity  for  human  mononuclear  cells.   The  naturally  occurring  plasma 
inhibitors  of  kallikrein  and  plasminogen  activator  were  shown  to  inhibit  their 
chemotactic  activity. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  large  number  and  wide  variety  of  studies  listed  above  provide  con- 
siderable new  knowledge  dealing  with  host  response  mechanisms  to  a  wide  variety 
of  clinical  and  experimental  diseases  and  the  pathogenesis  of  ^'ever. 

These  studies  provide  insight  into  the  mechanisms  of  nonspecific 
resistance  to  infection.   After  additional  studies,  a  compound  such  as  Vitamin 
A  may  prove  to  enhance  resistance  to  infection  in  man.   The  alteration  of  a 
drug  antipyrine  metabolized  by  the  liver  during  fever  has  c].ear  clinical  impli- 
cations.  Defining  the  specificity  and  properties  of  the  limulus  amebocyte 
lysate  test  for  detecting  bacterial  endotoxin  clinically  and  experimentally  is 
important . 
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The  clinical  studies  clearly  demonstrate  that  chemotaxis  is  an  important 
host  defense.  The  demonstration  of  in  vivo  generation  of  chemotactic  factors 
in  normal  volunteers  provides  important  iri  vivo  correlates  to  iri  vitro  obser- 
vations.  A  major  remaining  question  is  "What  is  the  mechanism  by  which  leuko- 
cytes respond  to  a  chemical  signal  to  move  in  a  directed  fashion,  and  what 
are  the  cellular  abnormalities  in  patients  with  defective  chemotaxis?"  The 
studies  of  calcium  fluxes,  microtubule  assembly  and  surface  charge  changes 
provide  initial  attempts  at  characterizing  the  mechanism  of  the  normal  cellu- 
lar response  and  will  be  extended  to  the  pathological  conditions.   The  studies 
on  the  chemotactic  activity  in  dialyzable  transfer  factor  and  the  ability  of 
products  of  phagocytosis  to  recruit  complement  related  chemotactic  factors 
and  to  also  inactivate  them  provides  further  mechanisms  by  which  inflammatory 
and  immune  responses  may  be  related  and  regulated  in  vivo. 

Proposed  Course : 

The  above  outlined  studies  are  to  be  continued  and  some  areas  are  to  be 
expanded . 


Honors  and  Awards : 

Dr.  Gallin  was  invited  to  be  a  participant  in  the  Symposium  on  the 
Phagocytic  Cell  in  Host  Resistance,  in  Winter  Park,  Florida,  March  5-8,  19TU. 
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Objectives: 

1)  Examine  himioral  and  cell  mediated  host  response  during  cryptococcosis 
in  man  and  in  the  experimental  animal. 

2)  Improve  the  therapy  of  cryptococcosis. 

Methods  Employed: 

1)  Phagocytosis  of  a  poorly  encapsulated  strain  of  Cryptococcus 
neoformans  was  measured  by  observation  of  stained  smears  taken  at  intervals 
during  tumbling  incubation  at  37°C.   Human  neutrophils  vere  obtained  by 
Hypaque-Ficoll  gradient  followed  by  dextran  sedimentation.   C  was  detected 
on  cryptococci  by  agglutination  or  fluorescein  antibody  technique. 
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2)  Mononuclear  cell  killing  of  cryptococci  was  studied  in  petri  dishes 
rocked  at  37°C  for  2U  hours.   Human  mononuclear  cells  vere  obtained  by 
Hypaque-Ficoll  gradient.   Killing  of  cryptococci  was  measured  by  lysing  the 
leukocytes  in  diluted  Triton  X-100,  diluting  aliquots  in  distilled  water  and 
plating  in  Sabouraud's  agar. 

3)  Radioramianoassay  for  cryptocpccal  polysaccharide  was  performed  uBlng 
rabbit  anticryptococcal  antibody,    I  labeled  tyraminyl-  or  tyrosinylpoly- 
saccharide  and  ammonium  sulfate  precipitation. 

k)      Guinea  pig  peripheral  blood  leookocytes  were  separated  from  blood  by 
gelatin  sedimentation  of  Hypaque-Ficoll  gradient.   Lymphocyte  transformation 
was  tested  in  microtiter  wells  using  autologous  serum  or  fetal  calf  serum. 
For  MIF  assay,  peripheral  blood  lymphocytes  were  mixed  with  normal  guinea 
pig  peritoneal  exudate  cells,  packed  into  0.050  ml.  capillary  tubes  and 
allowed  to  migrate  in  plastic  wells. 
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Ma.lor  Findings: 

l)   Studies  have  continued  on  mechanisms  by  which  Cryptococcus 
neoformans  may  be  opsonized  for  ingestion  by  human  neutrophils.   Coating 
the  fxingal  cell  with  subagglutinating  amounts  of  rabbit  antibody  did  not 
opsonize  the  fungus.  In  collaboration  with  Dr.  Michael  Frank,  it  was  attempted 
to  add  sequentially  C^  ,     to  antibody-coated  cryptococci.  Very  little  C_ 
could  be  detected  on  t^fte'cifyptococci,  using  either  purified  guinea  pig  or 
human  C  ,  ^  ^  and  opsonization  was  negligible.  When  sheep  erythrocytes 
were  coated  Sequentially  with  chromium  chloride,  cryptococcal  polysaccharide, 
anticryptococcal  antibody  and  C  ,      opsonization  did  occur.   Cryptococci 
were  pre-incubated  with  normal  ni&m3,n ' s^r\im  or  C, -deficient  guinea  pig  serum, 
washed  well  and  tested  for  opsonins.   Such  cryptococci  were  heavily  coated 
with  C_  and  were  readily  phagocytized.   These  results  indicate  that  the 
siorface  of  cryptococci  is  a  poor  site  for  attachment  of  one  or  more  of  the 
early  classical  pathway  components  but  the  fungus  affords  a  good  surface  for 
the  attachment  of  early  components  in  the  alternate  pathway. 
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2)  A  mixture  of  normal  human  peripheral  blood  monocytes  and  lymphocytes 
was  found  able  to  kill  cryptococci  if  the  fungal  cells  were  coated  with  very 
small  amounts  of  antibody.   The  antibody  -  dependent  mechanism  appeared  to  be 
nonphagocytic  in  that  it  occurred  in  the  absence  of  enough  serum  to  support 
phagocytosis  and  was  not  blocked  by  cytochalasin  B,  10  iig/ml.   This  appears 
to  be  the  first  example  of  a  microorganism  being  killed  by  this  mechanism, 
previous  studies  by  others  having  used  erythrocytes  or  other  tissue  cells. 
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S)  studies  continued  on  preparing  radio 
saccharide  of  high  specific  activity.  Biosyn 
precursors  achieved  specific  activity  of  10 
saccharide  yielded  the  same  specific  activity 
cryptococcal  pcplysaccharide  in  human  sera  and 
ducted,  using  I-tyraminylpolysaccharide. 
of  the  assay  were  comparable  to  that  obtained 
complement  fixation  and  latex  agglutination. 
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labeled  cryptococcal  poly- 
thesis  using  J.  C  and  H-labeled 
cpm/  ug.    ''l-tyraminylpoly- 
Radioimmunoassay  (RIA)  for 
cerebrospinal  fluid  was  con- 
Sensitivity  and  specificity 
with  the  techniques  now  in  use: 
An  important  discrepancy  was 
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that  the  apparent  antigen  concentration  in  sera  from  tvo  of  eleven  crypto- 
coccosis patients  was  much  lower  "by  RIA  than  by  other  tests.   Both  sera  also 
contained  anticryptococcal  antibody  upon  Farr  and  indirect  fluorescent 
antibody  testing.  The  results  suggested  that  the  sera  contained  antigen- 
antibody  complexes.   In  ord^r  to  extend  this  observation  and  increase  the 
sensitivity  of  the  assay,   "^  I-tyrosinylpolysaccharide  of  even  higher 
specific  activity  has  been  prepared  (10  cpm/  yg).  With  this  reagent,  RIA 
yielded  a  linear  ciirve  between  0.001  and  0.05  yg>  or,  using  0.1  ml  samples, 
e.Ol  and  0.5  yg/ml.   Studies  with  this  assay  are  now  in  progress. 

k)     A  guinea  model  was  developed  for  studying  cellular  events  diiring 
sensitization  or  infection  with  Cryptococcus  neoformans.  Conditions  were 
discovered  for  causing  lethal  or  sublethal  cryptococcosis  and  for  best 
eliciting  delayed  skin  reactivity,  lymphocyte  transformation  and  lympho- 
kine  production  (MIF)  with  cryptococcal  antigens.   The  MIF  assay  was 
developed  in  collaboration  with  Dr.  Balow.   Studies  so  far  have  found  that 
sublethal  cryptococcosis  is  associated  with  development  of  reactivity  in 
all  three  tests.  With  lethal  cryptococcosis,  only  preliminary  data  on  skin 
reactions  are  available  so  far.   Specific  reactivity  to  cryptococcal  antigens 
was  found  not  to  develop  during  such  infections,  thoxigh,  if  the  animal 
had  already  been  sensitized  by  dead  cryptococci  prior  to  infection,  the 
reactivity  did  not  wane  during  fatal  cryptococcosis. 

5)   On  February  5  and  6,  an  NIAID-sponsored  meeting  took  place  at 
N.I.H.,  in  order  to  launch  a  collaborative  study  for  the  therapy  of  crypto- 
coccal meningitis.   Investigators  from  nine  institutions,  including  this 
laboratory,  derived  a  mutually  satisfactory  protocol  for  the  comparison 
of  amphotericin  B  therapy  with  a  two  drug  combination:  5-fluorocytosine  and 
low-dose  amphotericin  B.  To  date,  six  patients  have  been  admitted  to  the 
study.   This  laboratory  is  contributing  patients,  performing  drug  sensitivity 
tests  and  serum  drug  bioassays,  and,  throxigh  the  collaboration  of  Dr.  David 
Ailing,  providing  computer  storage  and  retrieval  of  the  data. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

1)  The  peculiar  inability  of  early  classical  but  not  alternate  pathway 
complement  components  to  bind  to  cryptococci  suggests  an  important  difference 
in  the  binding  sites  utilized  by  these  pathways.   A  clearer  understanding 

of  these  binding  sites  would  be  important  in  attempting  to  control  complement- 
mediated  reactions. 

2)  Antibody-dependent  mononuclear  cell  killing  of  cryptococci  is  the 
first  description  of  a  mechanism  by  which  antibody  might  assist  host  defense 
in  cryptococcosis.   Anti-cryptococcal  antibody  was  found  not  to  be 
opsonizing  and  not  to  lyse  the  cell  in  the  presence  of  complement.   The  cell 
mediated  killing  offers  an  explanation  as  to  why  cryptococcosis  patients 
with  serum  anticryptococcal  antibody  have  a  better  treatment  prognosis  than 
seronegative  patients.   This  study  probably  also  is  the  first  example  of  cell 
mediated,  antibody-dependent,  nonphagocytic  killing  of  a  microorganism. 
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3)  The  radioimmunoassay  developed  here  is  the  most  sensitive  assay  for 
cryptococcal  antigen  yet  devised.   It  has  the  potential  of  improving  sero- 
diagnosis  of  cryptococcosis  and  permitting  analysis  of  serum  components  such 
as  antihody  or  complement  that  may  complexed  to  circulating  cryptococcal 
antigen. 

k)     Difficulty  in  producing  lethal  cryptococcosis  in  the  guinea  pig  has 
prevented  study  of  this  valuable  model.   Now  that  a  reproducible  lethal 
infection  can  be  induced  and  techniques  have  been  developed  for  studying 
cell  mediated  events  in  single  animals,  it  may  be  possible  to  produce  and 
dissect  the  defects  in  cell  function  previously  described  by  this  laboratory 
in  patients  vith  cryptococcosis. 

5)   Conventional  therapy  of  cryptococcal  meningitis  is  associated  with 
a  25%   failure  rate  and  permanent  reduction  of  glomer\ilar  filtration  rate 
by  roughly  one  third.   Combination  therapy  has  the  potential  of  both 
improving  efficacy  and  reducing  toxicity. 

Proposed  Course: 

1)  The  defective  binding  of  C-j^  1^  2  3  "to  antibody-coated  cryptococci 
will  "be  analyzed  f\irther  with  the  collaboration  of  Dr.  Frank,  by  measuring 
the  number  of  molecules  of  each  complement  component  that  can  be  deposited 
on  the  cryptococcal  surface.  Covalent  linkage  of  prosthetic  groups  or 
proteins  to  the  cryptococcal  surface  may  be  tried  in  order  to  determine 
what  characteristics  can  improve  complement  binding. 

2)  Attempts  will  be  made  to  define  the  specific  cell  population 
responsible  for  antibody-mediated  cytotoxicity.   Early  results  suggest  an 
adherent  B-lymphocyte  as  the  killer  cell. 

3)  Sera  and  cerebrospinal  fluid  from  patients  with  cryptococcosis 
will  be  tested  for  anticryptococcal  antibody  and  cryptococcal  antigen  by 
the  assay  just  devised.   Antibody  to  alternate  pathway  components  such  as 
BGB  will  be  utilized  to  test  the  hypothesis  that  circulating  polysaccharide 
is  complexed  to  such  components.   Sera  suspected  of  containing  antigen- 
antibody  complexes  will  be  subjected  to  conditions  likely  to  dissociate 
such  complexes  and  to  separate  physically  the  antigen  from  antibody.   This 
should  help  confirm  the  presence  of  such  complexes  and  also  improve  the 
sensitivity  of  the  radioimmunoassay  for  antigen. 

k)      The  guinea  pig  studies  will  be  extended  to  examine  lymphocyte 
transformation  and,  with  the  collaboration  of  Dr.  Balow,  MIF  production  by 
lymphocytes  diiring  fatal  cryptococcosis. 

5)   The  collaborative  study  of  cryptococcal  meningitis  will  continue 
until  100  patients  have  been  studied. 
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Honors  and  Awards: 


Dr.  John  E.  Bennett  has  engaged  in  the  following  activities  outside  the 
laboratory  dxiring  the  past  year: 

1)  Appointed  to  the  Ad  Hoc  Study  Group  on  Bacterial  and  Mycotic 
Diseases,  U.S.  Army  Medical  Research  and  Development  Command. 

2)  Reappointed  to  the  Editorial  Board  of  the  journal  " Antimicrobial 
Agents  and  Chemotherapy.  In  addition  to  reviewing  Uo  different  manuscripts 
for  this  journal  over  the  past  12  months,  13  manuscripts  were  reviewed 
for  other  journals. 

3)  Continues  to  serve  on 

a.  Advisory  Committee  to  the  Anti-Infective  Agents  Division, 
Bureau  of  Drugs,  FDA. 

b.  Editorial  Board,  "Control  of  Communicable  Diseases  in  Man", 
American  Public  Health  Association. 

h)     Invited  lecturer  at  the  following  medical  schools: 

Johns  Hopkins,  University  of  Pennsylvania  (Philadelphia),  Harvard, 
Pittsburgh,  University  of  Connecticut,  University  of  Maryland 
and  5  local  hospitals.   Invited  participant  in  a  symposiim  on 
immunity  against  mycoses,  held  at  the  national  meeting  of  the 
American  Society  for  Microbiology. 


.^ 


Publications: 


1.  Block,  E.R.,  Jennings,  A.E.,  and  Bennett,  J.E. :   5-fluorocytosine 
resistance  in  Cryptococcus  neoformans.   Antimicrob.  Agents  Chemother. 
3:  61+9-656,  19T3. 

2.  Levine,  A.S.,  Siegel,  S.E.,  Schreiber,  A.D.,  Hauser,  J.,  Preisler,  H.  , 
Goldstein,  I.M.,  Seidler,  P.,  Simon,  R.,  Perry,  S.,  Bennett,  J.E.  and 
Henderson,  E.S.:   Protected  environments  and  prophylactic  antibiotics. 
A  prospective  controlled  study  of  their  utility  in  the  therapy  of  acute 
leukemia.  New  Eng.  J.  Med.  288:   1+77-1+83,  1973. 

3.  Diamond,  R.D.,  and  Bennett,  J.E.  :   Disseminated  Nocardia  brasiliensis 
infection.   Arch.  Intern.  Med.  131:  T35-T36,  1973. 

k.      Diamond,  R.D.  and  Bennett,  J.E.:   Disseminated  cryptococcosis  in  man: 
decreased  lymphocyte  transformation  in  response  to  Cryptococcus 
neoformans .  J.  Infect.  Pis.   127:  69I+-697,  1973. 

5.   Bennett,  J.E,:   Diagnoses  and  therapy  of  systemic  mycoses  in  the 
immunosuppressed  host.   Transplant.  Proc.  5:   1255-1257,  1973. 
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6.  Block,  E.R.  and  Bennett,  J,E.:  Stability  of  amphotericin  B  in  infusion 
bottles.  Antimicrob.  Agents  Chemother.  U:  6I48-6U9,  1973. 

7.  Diamond,  R.D.,  May,  JE.,  Kane,  M. ,  Frank,  M.M.  and  Bennett,  J.E. :   The 
role  of  late  complement  components  and  the  alternate  complement  pathway 
in  experimental  cryptococcosis.   Proc.  Soc .  Exp.  Biol.  Med.  lUU: 
312-315,  1973. 

8.  Block,  E.R.,  Jennings,  A.E.  and  Bennett,  J.E.:   Variables  influencing 
susceptibility  testing  of  Cryptococcus  neoformans  to  5-fluorocytosine. 
Antimicrob.  Agents  Chemother.  U:   392-395,  1973. 


Bennett,  J.E.:  Chemotherapy  of  systemic  mycoses. 
30-32,  320-323,  197^+. 


Nev  En^.  J.  Med. 290 : 


10.  Diamond,  R.D.:  Antibody  dependent  killing  of  Cryptococcus  neoformans 

by  himian  peripheral  blood  mononuclear  cells.   Nature  2U7:  1U8-I50,  197^, 

11.  Diamond,  R.D. ,  Bennett,  J.E. :  Prognostic  factors  in  cryptococcal 
meningitis:  A  study  of  111  cases.  Ann.  Intern.  Med.  8O:  I76-I8I,  197^. 
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12.  Block,  E.R.,  Bennett,  J.E.,  Livoti,  L.G.,  Klein,  W.J.,  MacGregor,  R.R. 
Henderson,  L. :   The  effect  of  hemodialysis  on  the  plasma  concentration 
and  clearance  of  5-fluorocytosine  and  amphotericin  B  in  man.  Ann.  Intern. 
Med.   In  Press. 


13.  Diamond,  R.D.,  May,  J.E.,  Kane,  M.A.,  Frank,  M.D.  and  Bennett,  J.E.: 
The  ro!I&  of  the  classical  and  alternate  complement  pathways  in  host 
defenses  against  Cryptococcus  neoformans  infection. J.  Immunol.  In  press, 

l^i.  Young,  R.D.,  Bennett,  J.E.,  Geelhoed,  G.W.,  Levine,  A.S.:   Fungemia  in 
patients  with  compromised  host  resistance.   Ann.  Intern.  Med.  In  press. 
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1.  LCI 

2.  Clinical  Immunology  Section 

3.  Bethesda,  Maryland. 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197^ 

Project  Title:   Observations  on  Secretory  ImmxinoglODulins  (Primarily  Canine, 
but  Includes  Rabbits,  Guinea  Pigs  and  Humans). 

Previous  Serial  Number:   Same 

Principal  Investigator:  Dr.  Herbert  Y.  Reynolds 


Other  Investigators; 


Cooperating  Units: 


Man  Years : 


Dr.  Doiiglas  M.  Levin 
Dr.  Raphael  Doiin 

Dr.  R.  G.  Mage,  LI,  NIH  (Project  No.  NIAID  lh6) 

Dr.  D.  L.  Rosenstreich,  LMI,  NIDR,  NIH  (Project  No-'none) 

Dr.  N.  F.  Pierce,  Dept.  Medicine,  Baltimore  City  Hospital, 

and  Johns  Hopkins  University,  Baltimore,  Maryland 
Dr.  Myron  J.  Waxdal,  LI,  NIAID,  NIH.  (Project  No.  lli9). 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned 
to  Project 


Guest 
Workers 


TeiAL 


r 


Total 

9/12 

9/12 

Professional 

6/12 

6/12 

Other 

3/12 

3/12 

Objectives: 

1.  To  complete  the  molecular  model  for  canine  secretory  IgA  and 
identifying  the  assembly  and  interactions  of  secretory  component  (SC)  and 
J-chain. 

2.  To  elucidate  the  ultrastructure  of  secretory  component  and  in_  vitro 
to  study  the  susceptibility  to  proteolysis  of  dimeric  ser\mi  and  secretory 
IgA.  Further,  enzyme's  in  gut  epithelial  cells  (from  in  vitro  cell  cultures) 
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responsible  for  synthesis  of  SC  and  for  the  assembly  of  SC  and  IgA  are  "being 
soxight . 

3.   To  examine  the  gut  associated  lymphoid  tissue  (Peyer's  patches)  in 
dogs  and  guinea  pigs  for  its  response  to  "bacterial  antigens  and  for  its 
capacity  to  process  antigens  and  to  produce  immunoglobulins  (antibody). 

h.      Protective  effect  of  secretory  antibodies  (igA  and  IgG)  in  exper- 
imental gastrointestinal  infections  (cholera  and  non-bacterial  infectious 
diarrhea) . 

Methods  Employed; 


< 
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Gel  filtration  and  ion  exchange  chromatography,  affinity  and  immuno- 
absorbant  chromatography,  standard  techniques  of  zone  electrophoresis, 
iramxinodif fusion;  sedimentation  velocity  and  equilibrium  ultracentrifugation; 
equilibrium  dialysis  and  fluorescence  quenching  for  determination  of  binding 
energies;  liquid  scintillation  spectroscopy;  polyacrylamide  disc  gel 
electrophoresis;  T  iso-electrofocusing;  amino  acid  analysis;  and  amino 
acid  sequence  analysis.   Intestirtal  lymphoid  cell  tissue  cultures,  auto- 
radiography;  immimofluorescence  and  stimulation  of  lymphocytes  by  mitogens 
including  PHA,  Con  A,  endotoxin  et_  cetera,  measiiring  3h  thymidine  incor- 
poration or  lymphokine  production  (MIF) . 


Major  Findings: 

Secretory  component  (SC),  predominantly  attached  to  colostral  and 
intestinal  IgA  throiogh  covalent  (disulfide)  bonding,  has  been  dissociated, 
and  isolated  and  its  molecular  weight  of  approximately  50,000  daltons 
established.   Further  isolation  of  J-chain,  using  polyacrylamide  and 
isoelectric  focusing  separation  techniques,  from  canine  colostrimi  and 
serum  IgM  has  been  done.   Further  characterization  of  SC  and  J-chain  with 
amino  acid  analysis  and  sequence  are  in  progress.  Likewise,  intestinal 
IgA  (Reynolds  and  Johnson,  J.  Immuno.  h:    888,  19T0),  is  being  prepared  in 
batch  quantities  for  use  in  proteolysis  experiments  and  for  use  in  antibody 
pxirification  with  Sepharose  immxmoadsorbents. 

Peyer's  patch  lymphocytes  have  been  isolated  and  successfully  maintained 
in  tissue  ciilture  from  guinea  pigs  for  periods  exceeding  7  days.   These 
experiments  faced  a  formidable  technical  problem  considering  the  bacterial 
contamination  present  on  the  gut  surfaces.   The  lymphocytes  have  been 
identified  as  approximately  33-55/?  B-type  and  Uo^  T-type.  Fiirther,  the 
functional  capacity  of  Peyer's  patch  lymphocytes  have  been  elucidated.   T- 
cells  in  Peyer's  patches  are  capable  of  mounting  a  graft  vs.  host  reaction 
to  allogeneic  cells  and  of  responding  to  similar  cell  surface,  antigens  in 
two  way  mixed  lymphocyte  reactions;  in  addition,  these  Peyer's  patch  cells 
can  be  stimulated  to  liberate  a  lymphokine  which  induces  monocyte  chemotaxis. 
In  summary,  Peyer's  patch   cells  have  been  shown  to  have  efferent  and 
afferent  functions  identified  with  cell  mediated  immunity  and  to  behave  in  a 
manner  similar  to  other  peripheral  lymphoid  tissue. 

Antibodies  to  cholera  toxoid  have  been  stimulated  in  serimi  and  jejunal 
fluids  of  dogs  immunized  parenterally  or  locally  in  Thiry-Vella  gut  loops. 
Jejunal  antibodies  have  been  fotmd  to  be  both  IgA  and  IgG  and  to  possess 
antitoxin  activity  after  intrajejunal  immunization.  Also,  it  was  found 
that  passively  administrated  IgG  antitoxin  antibody,  purified  from  immiinized 
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dogs,  protected  dogs  from  cholera  infection  by  orogastric  challenge  or 
local  challenge  into  Thiry-Vella  jejunal  loops.   Thus,  gastrointestinal 
infection  or  immunization  results  in  "both  IgA  and  IgG  jejunal  antihody; 
when  adequate  levels  of  circulating  humoral  IgG  antitoxin  antibody  exist 
in  the  immune  host,  additional  resistance  or  protection  against  gastro- 
intestinal infection  occurs.   It  is  likely  that  serxim  derived  IgG  antibody 
is  important  in  protecting  against  gastrointestinal  infection  and  vorks 
in  concert  with  local  secretory  IgA  antibody.   Similar  studies  are  being 
conducted  in  human  volunteers  infected  with  infectious  agents  which  cause 
acute  non-bacterial  diarrhea. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

These  studies  defining  the  molecular  models  of  canine  IgA's  have  made 
critical  testing  possible  for  the  role  of  secretory  piece  in  protecting 
secretory  IgA  from  proteolysis  and  in  a  transport  function.   J-chain, 
likewise,  is  important  in  the  assembly  of  IgA  and  probably  IgM  molecules. 
All  these  studies  of  canine  IgA  help  to  extend  the  homology  of  the  mucosal 
secretory  defense  system  in  mammals  and  humans  which  is  recognized  as  a 
major  barrier  for  interaction  with  viral  and  bacterial  micro-organisms  by 
the  host. 

Studies  on  the  function  of  gut  lymphoid  cells  in  birds  and  maimnals, 
such  as  the  Peyer's  patch  areas,  are  contradictory  and  may  point  to  the 
tremendous  species  variations  which  will  prevent  easy  generalities  about 
fiinction  and  significance.   Therefore,  each  mammalian  species  will  ultimately 
require  study.  The  interaction  of  lymphoid  cells  which  process  antigens, 
such  as  gut  bacterial  antigens,  and  those  which  subsequently  produce 
appropriate  antibodies  are  likely  to  be  vital  in  regulating  the  growth  of 
normal  intestinal  flora  and  in  the  development  of  intestinal  illnesses 
such  as  cholera  and  other  diarrheal  diseases.   Now  that  these  cells  can  be 
cultured  in_  vitro  and  the  various  lymphocyte  populations  accurately  identi- 
fied, some  of  the  confusion  has  been  removed  and  hopefully  more  precise 
functions  of  these  lymphoid  aggregates  can  be  found. 
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Proposed  Course: 


1.  Further  work  on  the  structure  of  secretory  piece  and  J-chain  to 
show  the  interactions  with  IgA  immunoglobulin  and  the  elucidation  of  the 
chains'  ultrastructure. 

2.  To  elucidate  the  function  of  antigen  processing  cells  in  gut  lymphoid 
tissue  and  to  extend  these  observations  to  the  bronchial  associated  lymphoid 
tissue. 

3.  To  investigate  the  antibody  response  in  humans  following  infection 
or  immunization, with  cholera  and  non-bacterial  agents  causing  diarrhea. 


Honors  and  Awards ; 


None 
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Publications: 


1.   Reynolds,  H.  ,  Carta-Sorcini ,  M, ,  and  Mage,  R.:   The  immvmoglo'bTalins 
derived  from  a  Vjj-Ch  recombinant  rabbit  and  its  normal  relatives.   I. 
Measurements  of  heavy  chain  molecular  weights  and  allotypes  of  colostral 
IgA.   Tmmunochemistry .  10:  Uli3-i*i+T,  1973. 
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2.  Levin,  D.  M. ,  Rosenstreich,  D.  L.  and  Reynolds,  H.  Y.: 
responses  in  the  gastrointestinal  tract  of  the  guinea  pig. 
ization  of  Peyer's  patch  cells.   J .  Immunol . Ill  :  98O-983, 


Immunologic 
I .  Character- 
19T3. 


\ 


3.  Whicker,  J.  H.,  Neel,  H.  B.  Ill,  Kern,  E.  B.,  and  Reynolds,  H.  Y.: 

A  model  for  experimental  vasomotor  rhinits.   Laryngoscope  83:  915-922,  1973. 

h.      Pierce,  N.  F.  and  Reynolds,  H.  Y.:   Iramtmity  to.  experimental  cholera  I. 
Secretory  and  hijmoral  antitoxin  response  to  local  and  systemic  toxoid 
administration.   J.  Immunol.  In  press. 

5.   Pierce,  N.  F.  and  Reynolds,  H.  Y.:   Immunity  to  experimental  cholera  II. 
Protective  effect  of  humoral  IgG  antitoxin  demonstrated  by  passive  immuni- 
zation.  J .  Immunol .  In  press. 
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PHS-NIH 
Individual  Project  Report 
J\ily  1,  19T3  thro\igh  June  30,  197^ 

Project  Title:   Studies  on  the  Interaction  of  Antibody  and  Complement  in 
the  Production  of  Immune  Damage. 

Previous  Serial  Number:      SAME 

Principal  Investigator:   Dr.  Michael  M.  Frank 

Other  Investigators:   Dr.  Jeffrey  Gelfand 

Dr.  John  Atkinson 
Dr.  John  Gallin 
Dr.  John  Bennett 
Miss  Thelma  Gaither 
Mr.  Robert  Reinhart 

Cooperating  Units:   Dr.  E.  Jaffe,  NCI,  NIH  (Project  No.:  None) 

Dr.  Ira  Green,  LI,  NIAID,  NIH  (Project  Nalli3) 
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Man  Years ; 


NIAID 

Other  NIH 

Guest 

Lab.  Staff 

Personnel 
Assigned 
to  Project 

Worker 

TOTAL 


Total 

1-9/12 

1-9/12 

Professional 

1-1/12 

1-1/12 

Other 

8/12 

8/12 
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Project  Description: 

Ob.lectives: 

The  role  of  antibody  and  of  complement  in  the  production  of  immune 
inj\iry  in  vitro  and  in  vivo  will  be  explored.  The  factors  which  determine 
complement  component  levels  in  vivo  will  be  defined  and  the  factors  which 
influence  the  rate  of  complement  activation  will  be  identified.  An  attempt 
will  be  made  to  develop  new  and  better  diagnostic  methods  for  the  better 
evaluation  of  patients  with  defects  in  host  defense  and  patients  with 
immunologic  abnormalities. 

Methods  Employed; 

Quantitative  complement  component  assay,  preparation  of  intermediates 
in  the  complement  sequence,  various  complement  components  on  the  sxirface 
of  cells,  purification  of  complement  components  and  antibodies  to  the 
various  classes  are  routine  in  this  laboratory.   These  methods  employ  the 
use  of  DEAE  cellulose  and  C-M  cellulose,  Sephadex,  electrophoretic 
techniques  and  ultra-centrifugation  for  the  purification  of  immunoglob\ilins 
and  complement  component  proteins.   Cellular  intermediates  in  the  complement 
sequence  (i.e.  cells  sensitized  with  antibody  and  reacted  with  various 
components  of  complement)  are  prepared  by  our  own  modification  of  standard 
methods  and  are  used  for  titration  of  complement  components.   Efforts  are 
made  to  determine  the  interrelationships  and  efficiency  of  various  comple- 
ment components  reacting  with  other  components  from  the  same  species  and 
cross  species  lines. 

In  addition,  complement  cell  intermediates  have  been  built  up  on  the 
surface  of  cryptococci  as  well  as  on  the  surface  of  erythrocytes  coated 
with  cryptococcal  polysaccharide.   Studies  have  in  addition  been  conducted 
with  animals  with  a  genetically  controlled  C]^   deficiency.   These  animals 
have  a  complete  block  in  their  classical  pathway  but  have  an  intact 
alternate  pathway. 

Major  Findings; 

Using  ser\ma  of  Ci^  deficient  quinea  pigs,  it  has  been  possible  to 
develop  a  new  functional  assay  for  human  and  guinea  pig  Ck   which  is  more 
sensitive  than  any  previously  developed  method  and  which  requires  the 
availability  of  no  purified  components  or  complement-cell  intermediates. 
This  method  should  allow  every  hospital  laboratory  which  has  the  capability 
of  performing  a  whole  complement  titration  (CH50)  to  test  for  CI;.  The  titer 
of  Cij  in  human  serum  by  this  method  is  in  excess  of  100,000  units/ml. 
The  method  has  been  used  to  perform  a  longitudinal  study  in  9  normal 
individuals.   In  7/9  subjects  C\^   titers  were  remarkably  stable  but  in  two 
there  was  variation  over  the  6  month  study  period  which  was  unassociated 
with  major  clinical  illness.   This  indicates  that  changes  in  C]^   levels  in 
clinical  specimens  cannot  be  simply  considered  as  proof  of  immvmologic 
inju2-y. 
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In  extention  of  earlier  studies  it  has  been  found  that  generation 
of  chemotatic  factors  in  human  sera  via  activation  of  the  classical  or 
alternate  complement  pathway  can  he  separated  hy  inspection  of  the  kinetic 
curves   of  chemotatic  factor  generation.  Activation  of  the  classical  path- 
way leads  to  chemotatic  factor  generation  within  10  minutes.   Activation 
of  the  alternate  pathway  leads  to  a  delay  which  may  be  as  long  as  15-20 
minutes  with  some  activating  factors.  Activation  of  both  pathways  produces 
the  same  chemotactic  factor,  C5a. 


Earlier  studies  had  si:iggested  that  corticosteroid  therapy  of  guinea 
pigs  leads  to  a  progressive  fall  in  the  level  of  complement  components. 
This  has  been  examined  carefiilly  and  it  has  been  found,  in  metabolic  turn- 
over studies  in  the  guinea  pigs,  that  corticosteroid  therapy  leads  to  an 
increased  rate  of  catabolism  of  the  complement  component  C3.   Cortico- 
steroid therapy  does  not  lead  to  a  decrease  in  Co  synthesis. 

Erythrocytes  coated  with  purified  antisheep  erythrocyte  antibodies 
and  appropriate  complement  components  have  been  used  to  study  the  nature  of 
cellular  infiltrates  in  tissue  sections.   Lymphocytes  of  the  subclass  which 
can  differentiate  into  antibody  forming  cells  have  a  prominent  receptor 
for  C3.   These  lymphocytes  may  weakly  bind  erythrocytes  coated  with  Ig.G 
antibody.  Monocytes  in  tissue  section  bind  the  Ig.G  coated  erythrocytes 
avidly.   The  lymphocytes  of  thymic  origin  bind  neither  of  these  cell  types 
in  tissue  section.  Using  these  reagents  it  has  been  possible  to  identify 
these  various  cell  types  in  normal  and  pathologic  specimens. 

Studies  of  the  opsonization  of  cryptococci  by  the  various  pathways 
of  complement  activation  have  demonstrated  that  the  classical  pathway  of 
activation  requiring  the  pressure  of  the  components  Ci,  C]^   and  Cg  does  not 
opsonize  cryptococci.  Properdin  requires  function  of  the  pathway  and  the 
only  function  of  the  classical  pathway  is  to  make  the  pathway  operate  more 
rapidly.  The  biochemical  basis  for  this  interesting  observation  is  being 
explored  in  detail. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute. 

These  findings  are  significant  at  many  levels.   On  the  most  practical 
level  we  have  developed  techniques  to  assess  complement  function  which  can 
be  followed  in  laboratories  which  lack  the  tremendous  sophistication  usually 
required.  We  have  developed  new  methods  for  identifying  cells  in  tissue 
section  and  have  shown  their  applicability  to  routine  pathologic  diagnosis. 
On  the  level  of  more  basic  studies,  we  have  shown  how  the  commonly  employed 
drug  cortisone  may  affect  the  complement  system.  We  have  studied  the 
mechanism  by  which  complement  performs  the  essential  function  of  opsonizing 
the  pathogen  Cryptococcus  neoformans  and  this  had  led  to  more  detailed 
studies  of  complement  fxinction. 

Proposed  Course: 

These  various  leads  will  be  systematically  followed  up  to  help  determine 


36 


Serial  No.  NIATD-30  (c) 


how  complement  functions  in  health  and  disease  and  how  manipulation  of 
the  complement  system  may  help  in  the  diagnosis  of  human  illness. 

Honors  and  Awards:   Dr.  Frank  was  elected  to  memhership  in  the  American 
Society  for  Clinical  Investigation. 
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Project  Description: 
Objectives  (Sub-project  A) : 

1.   Characterization  of  cellular  immunity  in  patients  with  chronic  muco- 
cutaneous candidia.sis  . 

Methods  Employed: 

Delayed  hypersensitivity  is  assessed  with  intradermal  tests  with  a  variety 
of  naturally  encountered  antigens. 

T-lymphocytes  are  enumerated  by  the  phenomena  of  spontaneous  rosette  for- 
mation with  ovine  erythrocytes.   Peripheral  blood  lymphocytes  from  candidiasis 
patients  and  normal  volunteers  have  been  studied  in  short  term  cultures  with 
antigens  from  C_.  albicans  and  phytohemagglutinin  (PHA).   The  kinetics  of  dose- 
response  relationships  have  been  determined  by  labeling  cells  with  H-thymidine 
and  counting  incorporated  radioactivity. 

Production  of  the  lymphokines ,  macrophage  migration  inhibition  factor 
(MIF)  and  chemotactic  factor  (CTF)  has  been  studied  in  cultured  peripheral 
blood  lymphocytes  from  patients  with  chronic  mucocutaneous  candidiasis.   These 
assays  involve  exposure  of  lymphocytes  to  antigens  in_  vitro,  collection  and 
concentration  of  the  culture  fluids  and  assays  of  MIF  and  CTF  activities. 


Major  Findings: 


_^ 


Twenty-eight  patients  with  chronic  mucocutaneous  candidiasis  have  been 
studied.   Delayed  skin  responses  have  identified  three  immxinological  cate- 
gories.  Mine  patients  had  normal  delayed  reactions  to  C_.  albicans  as  well 
as  other  antigens.   Eleven  patients  had  negative  skin  tests  to  C_.  albicans , 
but  reacted  to  other  antigens.   Eight  patients  were  negative  to  all  antigens 
in  the  panel  and  anergy  was  confirmed  by  their  failure  to  become  sensitized 
to  topical  application  of  l-chloro-2,U-dinitrobenzene.   Three  of  these 
patients  have  immunological  profiles  similar  to  the  Nezelof  syndrome. 

The  experiments  with  cultured  lymphocytes  have  disclosed  further  hetero- 
geneity of  the  patients'  immune  responses.   In  most  cases  there  was  concor- 
dance between  delayed  skin  reactivity  and  production  of  lymphokines.   Only  one 
skin  test  negative  patient  produced  MIF  while  2  skin  test  positive  patients 
failed  to  produce  MIF.   Thus,  there  seems  to  be  a  close  relationship  between 
these  phenomena. 

There  was  also  a  direct  relationship  between  lymphocyte  transformation 
and  positive  skin  tests,  but  it  was  less  precise.   Five  skin  test  negative 
patients  showed  positive  transformation.   These  data  are  suggestive  that  a 
subset  of  patients  has  antigen  responsive  cells  but  lacks  lymphokine  pro- 
ducing cells. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Data  presented  from  this  laboratory  have  shown  that  many  patients  with 
chronic  mucocutaneous  candidiasis  have  abnormalities  of  cellular  immunity. 
Furthermore,  the  abnormalities  are  not  the  same  from  patient  to  patient.   The 
observations  presented  above  have  been  synthesized  into  a  model  for  the  patho- 
genesis of  the  disease  which  is  described  later. 

Proposed  Course: 

These  investigations  will  be  continued  in  new  patients  referred  for  our 
study  of  chronic  candidiasis  in  order  to  characterize  their  cell-mediated 
immunity. 

Ob.iectives  (Sub-project  B)  : 

Development  of  programs  for  treatment  of  chronic  mucocutaneous  candidi- 
asis which  is  based  on  clinical  and  immunological  features. 

Methods  Employed : 

In  o\ir  series  of  patients,  candidiasis  either  began  between  infancy  and 
the  third  year  of  life,  or  between  the  ages  of  8-13  years.   Those  patients 
with  "late-onset"  diseases  were  frequently  under  treatment  with  antibiotics 
for  disorders  such  as  acne  vulgaris  or  furunculosis  at  the  time  of  develop- 
ment of  candidiasis. 

We  have  proposed  that  patients  with  early  onset  disease  have  a  defect  in 
cellular  immunity  that  has  a  congenital  basis.   In  these  patients,  therapy 
must  be  directed  at  both  eradication  of  the  organism  and  restoration  of  intact 
celliilar  immunity.   Patients  with  "late-onset"  candidiasis  may  have  a  defect 
in  host-defenses,  but  it  has  not  been  defined.   From  the  results  of  the  thera- 
peutic trials,  we  believe  that  the  immunologic  abnormalities  observed  in  this 
group  of  patients  are  acquired. 

Amphotericin  B  has  been  used  as  the  antifungal  agent.   The  dosage  range 
has  been  small,  800-1100  mgm,  and  administered  over  7-8  weeks.   When  cultxires 
from  the  nail  folds  become  negative,  the  nails  are  avulsed  in  the  belief  that 
this  is  one  of  the  reservoirs  for  recurrent  infections. 

Immunologic  reconstitution  has  been  done  with  transfer  factor,  a  dialyz- 
able  substance  obtained  by  disrupting  leukocytes  from  skin  test  positive  sub- 
jects.  The  optimal  protocol  for  transfer  factor  is  unknown,  however,  our  pro- 
tocol has  been  monthly  injections  for  k   months,  then  every  foiirth  month. 
Recipients  are  monitored  from  in^  vivo  skin  responses  and  in^  vitro  lymphocyte 
responses. 
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Major  Findings: 

The  investigations  conducted  thus  far  have  revealed  additional  defects 
in  host  defenses  in  patients  with  chronic  candidiasis  and  have  illustrated 
the  importajice  of  immunologic  "staging"  prior  to  implementation  of  a  thera- 
peutic program. 

Five  patients  with  "late-onset"  candidiasis  have  received  amphotericin  B 
and  nail  avulsion  and  remained  free  of  disease  for  k,    3,  3,  2  and  1  years 
respectively.   One  patient  relapsed  in  conjunction  with  iron  deficiency  and 
pregnancy.   A  second  had  a  mild  oral  relapse.   The  other  patients  are  doing 
well. 

Five  patients  were  treated  with  transfer  factor  alone.   Although  skin 
test  reactivity  and  MIF  production  were  observed  in  all  five  patients,  there 
were  no  clinical  responses. 

Subsequently,  two  patients  have  been  treated  with  the  combined  program 
of  amphotericin  B  and  trajisfer  factor.   Complete  clearing  of  the  mucocutaneous 
lesions  occurred  and  both  patients  were  in  remission  for  several  months.   In 
one  patient  candidiasis  of  the  tongue  recurred  after  he  was  given  erythromycin 
for  a  cold.   This  cleared  with  antifungal  drugs  but  recurs  periodically.   The 
second  patient  was  well  for  9  months,  but  developed  mucocutaneous  recurrences 
when  she  began  using  an  oral  contraceptive.   The  lesion  cleared  with  cessation 
of  the  pill  and  a  short  course  of  antifungal  therapy.   These  patients  are 
doing  well  3  years  after  treatment . 

One  patient  with  a  severe  defect  in  cellular  inimunity  received  a  thymus 
transplant.   The  procedure  was  followed  by  restoration  of  T-lymphocyte  func- 
tions such  as  responses  to  phytohemagglutinin  and  concanavalin,  E-rosette 
formation  and  acquisition  of  delayed-type  skin  responses.   The  reconstitutive 
effect  persisted  for  eight  months  but  then  faded.   However,  the  patient  now 
responded  to  transfer  factor. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

From  this  experience  it  seems  reasonable  to  assume  that  consideration  of 
both  clinical  and  immunological  factors  is  essential  for  selection  of  effective 
therapy  in  candidiasis.   Patients  with  "late-onset"  disease  may  or  may  not 
have  defective  cellular  immunity.   The  defect  in  these  patients  is  apparently 
acquired  and  analogus  to  "immune-deviation"  in  experimental  animals.   Clear- 
ing of  the  fungal  infection  with  amphotericin  also  reduces  the  tolerogenic 
load  of  antigen.   In  two  cases  the  patients  have  become  responsive  to  the 
antigens  of  Candida,  a  event  that  would  be  expected  in  view  of  their  obvious 
exposure  to  the  antigen.   The  role  of  transfer  factor  in  management  of  chronic 
infections  and  neoplastic  diseases  is  unclear.   No  clinical  trials  with 
placebo  or  "negative"  transfer  factor  have  been  done.   An  attempt  to  organize 
a  cooperative  trial  of  this  type  with  NIAID  support  was  not  approved. 
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Proposed  Course: 

We  plan  to  extend  these  treatment  schediiles  to  additional  patients  and 
continue  the  follow-up  studies  on  the  subjects  who  have  been  treated.  As 
new  treatment  programs  are  developed  they  will  be  applied  to  the  appropriate 
patients.  An  unresolved  question  with  high  priority  is  the  importance  of 
Candida-specific  transfer  factor  in  treatment  of  chronic  candidiasis. 

Objectives  (Sub-project  C) : 

1.  Characterization  of  the  composition,  properties  and  mechanisms  of 
action  of  transfer  factor. 

2.  Therapeutic  trials  with  transfer  factor  in  patients  with  defined 
immione  deficiency  syndromes. 

Methods  Employed: 

The  in_  vivo  and  in  vitro  tests  of  immunologic  functions  in  man  have  been 
described  in  sub-project  A.   In  addition,  two  major  new  endeavors  have  been 
added:   characterization  of  a  chemotactic  agent  in  transfer  factor  and  estab- 
lishment of  an  animal  model  for  transfer  factor  in  the  rhesus  monkey. 
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Major  Findings: 


Reconstitution  of  immune  functions  in  candidiasis  as  indicated  by  con- 
version of  negative  sl:in  tests  to  positive  has  occurred  in  5  recipients  of 
transfer  factor.   Failures  occurred  in  patients  with  Nezelof's  syndrome. 
There  has  been  good  correlation  between  skin  test  reactivity  and  MIF  pro- 
duction by  cultured  lymphocytes.   In  contrast,  restoration  of  lymphocyte 
transformation  responses  has  occurred  only  once.   The  immunologic  basis 
of  this  disparity  in  candidiasis  patients  has  not  been  established.   It 
is  of  interest  that  similar  findings  have  recently  been  reported  in  patients 
with  the  Wiskott-Aldrich  syndrome.   One  possibility  is  that  the  lymphocytes 
which  respond  to  antigens  with  thymidine  incorporation  and  those  which  respond 
with  lymphokine  production  comprise  separate  populations.   If  so,  transfer 
factor  preferentially  affects  the  functions  of  the  lymphokine  producing  cells. 
Alternatively,  the  differences  may  be  due  to  differences  in  cell  receptors 
which  are  dose  dependent. 
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In  collaboration  with  Dr.  John  Gallin,  a  chemotactic  substance  in  trans- 
fer factor  has  been  characterized.   It  is  strongly  chemotactic  for  polymor- 
phonuclear leukocytes  and  weakly  attractive  for  monocytes.   It  has  a  molecular 
weight  of  less  than  5000  daltons  and  is  not  derived  from  complement.   In  brief, 
it  apparently  differs  from  previously  described  chemotactic  factors.   Pre- 
liminary studies  have  shown  that  the  chemotactic  activity  and  skin  test- 
verting  activity  elute  together  from  gel  filtration  columns. 
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A  model  for  transfer  factor  activity  has  been  established  in  rhesus 
monkeys.   The  transfers  with  transfer  factor  are  specific  but  skin  test 
sites  must  be  biopsied  for  interpretation.   The  monkey  model  is  currently 
being  employed  to  monitor  activity  in  column  fractions  and  other  experiments 
directed  toward  purification  of  transfer  factor. 

Previous  studies  with  transfer  factor  have  been  criticized  because 
naturally  occurring  antigens  were  employed.   This  raised  the  possibility 
that  transfer  factor  did  not  confer  new  immunologic  infonnation  onto* the 
recipient,  but  had  an  enhancing  or  adjuvant-like  activity  that  facilitated 
expression  of  previous  sensitizations.   Transfer  factor  from  a  donor  with 
delayed  allergy  to  a  synthetic  antigen  has  been  studied  in  3  monkeys  and  2 
patients.   In  no  case  was  delayed  allergy  to  the  new  antigen  transferred. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  observations  may  be  interpreted  within  the  framework  of  the  model 
for  delayed  hypersensitivity  presented  from  this  laboratory.   The  model  en- 
visions a  multicellular  system  for  antigen  recognition  and  lymphokine  syn- 
thesis analogous  to  that  demonstrated  for  certain  antibody  responses  in 
rodents.   In  the  model,  both  a.ntigen  reactive  cells  and  lymphokine  producing 
cells  would  by  "thymus-dependent" . 

The  model  therefore  predicted  that  athyraic  patients  with  the  Nezelof 
syndrome  would  not  respond  to  transfer  factor  and  this  prediction  has  been 
substantiated  5n  3  cases. 

The  responses  to  transfer  factor  in  the  candidiasis  patients  may  indicate 
that  their  immunological  defect  lies  at  a  site  that  prevent  expression  of 
cellular  immvinity  by  lymphokine  production.   The  lesion  is  apparently  cor- 
rected or  circumvented  by  transfer  factor.   Obviously,  future  experiments 
will  be  addressed  to  more  precise  delineation  of  the  defect  and  the  mechanism 
of  action  of  transfer  factor. 

Proposed  Course : 

The  experiments  on  purification  and  characterization  of  transfer  factor 
will  be  continued. 

Objectives  (Sub-project  D) : 

Search  for  linkage  between  chronic  mucocutaneous  candidiasis  and  histo- 
compatibility antigens. 
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Methods  Employed: 

Peripheral  blood  lymphocytes  have  been  typed  for  histocompatibility 
agents  by  the  microcytotoxicity  assay.   This  work  was  done  through  an  agree- 
ment with  Dr.  Paul  Terasaki ,  UCLA  Medical  School. 

Major  Findings: 

The  unusual  distributions  of  HL-A  antigens  in  patients  with  chronic 
mucocutaneous  candidiasis  are  summarized  in  the  table: 
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jitigen 

Frequency 

{%) 

Candidiasis 

Pati( 

snts 

Control   P 

HL-A  3 

39 

18 

<0.G01 

HL-A  T 

39 

1^ 

0.01>P0.001 

HL-A  12 

39 

11 

<0.001 

W  IT 

30 

11 

0.05 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Studies  in  animals  have  shown  that  responsiveness  to  certain  antigens  is 
genetically  controlled  and  linked  to  major  histocompatibility  antigens.   Sub- 
sequently, human  studies  have  shown  unusual  frequencies  of  HL-A  antigens  in 
patients  with  SLE,  leukemia,  Hodgkins  disease  and  non-tropical  sprue. 


The  finding  of  an  unusual  frequency  of  HL-A  in  patients  with  candidiasis 
may  be  evidence  for  linkage  of  immunologic  unresponsiveness  in  these  patients 
to  a  histocompatibility  antigen.   These  studies  will  be  piirsued  to  clarify 
this  point. 

Proposed  Course: 

Although  these  studies  will  be  extended  to  include  new  candidiasis 
patients  as  well  as  other  patients  with  immune  defects,  the  data  on  the 
35  patients  are  cxirrently  being  analyzed  to  see  if  the  HL-A  antigens 
identify  a  sub-group  of  patients  with  candidiasis. 

Objectives  (Sub-project  E) : 

1.  Characterization  of  serum  antibody  specificities  in  chronic  muco- 
cutaneous candidiasis. 

2.  Screening  of  patients  sera  for  free  Candida  antigens. 
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Method  Employed : 

Over  50  antigenic  specificities  have  been  identified  in  rabbit  antisera 
to  disrupted  C_.  albicans.   In  collaboration  with  Dr.  Nils  Axelsen,  the 
scientist  who  has  identified  these  antigens,  we  have  screened  sera  of  can- 
didiasis patients  for  their  antibody  profiles.   The  technique  uses  crossed 
antigen-antibody  electrophoresis  and  gives  qualitative  and  quantitative  data. 

By  using  patients  serum  in  place  of  the  Candida  fractions,  the  system  has 
been  adapted  for  detection  of  free  antigens  in  serum. 

Major  Findings: 

The  serological  profiles  of  six  patients  have  been  completed  and  six 
additional  patients  are  under  study.   The  qualitative  and  quantitative 
responses  divided  the  patients  into  2  groups.   One  group  had  antibodies 
against  many  antigenic  fractions  and  the  titers  were  generally  very  high. 
The  second  group  had  few  responses  and  low  titers.   Of  particular  interest 
was  the  fact  that  the  patients  with  numerous  and  generally  high-titered 
responses  were  those  with  the  most  extensive  and  severe  cutaneous  disease. 
Free  Candida  antigens  have  been  identified  on  only  one  patient. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  mechanisms  of  the  extensive  cutaneous  inflammation  in  candidiasis 
patients  is  unknown.   The  defective  cellular  immunity  makes  this  route  of 
inflammation  unlikely.   However,  the  marked  serological  responses  in  these 
patients  may  indicate  a  role  for  antigen-antibody-complement  complexes  in 
the  pathogenesis  of  this  form  of  candidiasis.   This  postulate  is  supported 
by  the  finding  of  free  Candida  antigens  in  the  serum  from  one  patient.   The 
alternative  explanation  for  the  serologic  findings  is  that  these  responses 
are  secondary  to  chronic  intradermal  immunization  with  Candida. 

Proposed  Course: 

The  relationship  of  the  antibodies  to  clinical  manifestations  of  chronic 
candidiasis  is  now  under  study. 

Objectives  (Sub-project  F) ; 

1)   Further  characterization  of  immune  responses  to  localized  antigens. 

Methods  Employed: 

Because  the  patients  with  chronic  candidiasis  are  constantly  exposed  to 
antigen  in  a  superficial  site,  a  model  of  chronic,  local  a?itigen  exposure  was 
developed  in  the  guinea  pig.   The  antigen  was  a  corneal  graft  and  the  study 
was  conducted  in  collaboration  with  Dr.  Predrag  Ugrinski . 
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Major  Findings: 

Immunization  with  antigen  in  a  superficial  site  induced  systemic  hyper- 
sensitivity to  cornea  and  skin.   Lymph  nodes  and  peritoneal  exudate  cells 
vere  immunocompetent  and  could  passively  confer  sensitivity  to  normal  animals. 

Significance  to  Biomedicail  Research  and  the  Program  of  the  Institute: 

These  observations  demonstrate  the  systemic  consequences  of  localized 
immunization.   They  are  pertinent  to  the  patients  with  candidiasis  (a  disease 
in  which  antigen  is  localized  to  the  superficial  layers  of  the  skin),  who 
lose  their  capacity  to  mount  immunologic  responses  to  Candida.   They  may 
also  apply  to  other  disorders  in  which  infections  occur  in  apparently  immuno- 
suppressed  patients  (i.e.,  leprosy). 

Proposed  Course: 
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The  principles  of  this  model  are  now  being  directed  to  a  candidiasis 
model  in  the  guinea  pig. 

Objectives  (Sub-project  G) : 

l)  Distributions  of  immunocompetent  cells  amongst  tissue  pools  in 
disease. 


Methods  Employed: 

In  collaboration  with  Drs.  Ira  Green,  Richard  Edelson  and  Ethan  Shevach, 
lymphocyte  functions  have  been  studied  in_  vivo  and  in_  vitro  in  patients  with 
the  Sezary  syndrome.   The  methods  included  skin  testing,  tissue  biopsies  and 
lymphocyte  cultures. 

Major  Findings: 
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Even  thoTigh  the  blood  lymphocytes  were  poorly  responsive  to  mitogens  and 
antigens,  they  radily  formed  E-rosettes.   In  contrast,  skin  tests  were  often 
negative.   The  predominent  cell  in  the  skin  was  a  T-lymphocyte . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 


These  data  indicate  that  T-lymphocytes  may  be  sequestered  in  cutaneous 
compartments  and  may  be  deficient  in  the  blood  in  certain  diseases. 

Proposed  Course: 

The  application  of  these  observations  to  chronic  candidiasis  and  atopic 
dermatitis  is  under  study. 
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Objectives  (Sub-project  H) : 

l)   Definition  of  events  affecting  maturation  of  macrophages. 

Methods  Employed : 

Macrophages  possess  a  receptor  for  IgM  and  this  receptor  can  be  demon- 
strated with  erythrocytes  coated  with  IgM.   The  kinetics  of  receptor  develop- 
ment are  under  study  by  Dr.  John  Rhodes. 

Major  Findings: 

Fresh  macrophages  have  a  heterogenous  distribution  of  receptors. 
However,  oil-induced  macrophages  and  cultured  macrophages  have  high  affinity 
receptors.   Components  of  serum  also  influence  the  kinetics  of  receptor 
development . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Macrophage  "activation"  is  an  essential  aspect  of  killing  of  micro- 
organisms and  tumor  cells  by  these  cells.   Definition  of  factors  that  regulate 
macrophage  activation  may  have  application  in  "arming"  cells  and  enhancing 
host  defenses. 

Proposed  Course: 

StT.dies  of  the  affect  of  transfer  factor  on  macrophage  activation  are 
planned. 

Objectives  (Sub-project  H) : 

l)   Relationship  of  oral  immunization  to  immune  responsiveness. 

Methods  Employed: 

Guinea  pigs  were  fed  the  contact  allergen  chlorodinitrobenzene  and 
subsequently  challenged  by  topical  application  of  the  chemical.   The  effects 
of  cyclophosphamide  on  this  phenomenon  was  studied.   This  work  was  conducted 
with  Dr .  Douglas  Levin . 

Major  Findings: 

Feeding  animals  marked  reduced  the  incidence  of  contact  allergy  in  guinea 
pigs  and  this  phenomenon  was  transitory  and  animals  became  responsive  after 
several  weeks.   This  response  was  susceptible  to  cyclophosphamide. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Delayed  hypersensitivity  to  Candida  is  a  conunon  feature  of  chronic 
candidiasis  and  the  oral  cavity  and  gut  provide  a  reservior  for  this  or- 
ganism in  man.   Although  the  guinea  pig  model  is  not  a  direct  approach 
to  this  diseases,  the  analogy  between  oral  exposure  and  suppress  delayed 
allergy  is  clear. 

Proposed  Course: 

To  examine  this  model  with  C_.  albicans  in  the  guinea  pig. 

Ob.jectives  (Sub-project  I)  ! 

l)   Interrelationship  between  cellular  immunity,  antibody  synthesis  and 
eosinophilia. 

Methods  Employed: 

The  model  for  this  study  was  rats  infected  with  Trichinella  spiralis . 
Cellular  immunity  was  studied  with  cells  from  mesenteric  and  popliteal  nodes, 
blood  and  spleen  stimulated  in  vitro  with  an  extract  of  T.  spiralis.   Class 
specific  antibody  synthesis  was  measured  by  PCA  and  passive  hemagglutination. 
Serial  eosinophil  counts  were  done.   These  experiments  are  being  done  by 
Dr.  Eric  Ottesen. 

1 

Major  Findings:  J 

Cellular  immunity  appears  first  in  the  regional  (mesenteric)  nodes  after 
oral  feeding  of  larvae.   Subsequently  cellular  immunity  appeaj~s  in  lymphocytes 
of  the  blood  and  spleen  and  later  in  remote  (popliteal)  nodes. 

PCA  antibodies  and  eosinophilia  are  found  by  the  second  week.   There  is 
a  temporal  variation  of  these  responses  which  is  very  reproducible  from  animal 
to  animal. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

This  study  deals  with  the  interface  between  immediate  type  hypersensitivity 
(homo cytotropic  antibody)  and  cell-mediated  immiinity.   Both  of  these  events 
are  thymus-dependent .   The  data  derived  from  the  experiments  will  apply  to 
the  clinical  events  following  certain  parasitic  infections,  to  atopic  derma- 
titis and  to  the  recently  recognized  syndrome  of  susceptibility  to  pyogenic 
infections  and  excessive  serum  IgE. 

Proposed  Course: 

These  studies  will  be  continued  and  the  possible  contribution  of  the 
thymus  in  enhancing  and  suppressing  the  cellular  responses  will  be  studied 
by  cell  transfer. 
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Honors  and  Awards : 

1.   Extra-laboratory  activities  of  the  Principal  Investigator  - 

a)  Chairman,  NIAID  Clinical  Research  Committee 

b)  Project  Officer,  NIAID  Contract  for  purification 
of  antigen  E,  Ra3  and  K  from  short  ragweed  pollen 

c)  Member,  Weather  and  Air  Pollution  Committee  and 
Audiovisual  Committee.   American  Academy  of  Allergy 

d)  Chairman,  International  Committee,  American  Academy 
of  Allergy 

e)  Editorial  Board,  Journal  of  Cutaneous  Pathology 
Publications : 

1.  Abdou,  N.,  Gaitt ,  R.  A,  Kirkpatrick,  C.  H. ,  Leikin,  S. ,  Pachman,  L.  M. , 
Rocklin,  R.  E. ,  Spitler,  L.  and  Wilcox,  E. :   Evaluation  and  therapy  of 
patients  with  chronic  mucocutaneous  candidiasis.   In  Schwarz,  M.  R.  (ed.): 
Proceedings  of  the  Sixth  Levikocyte  Culture  Conference.   New  York, 
Academic  Press,  1972,  pp.  8I+I-8U5. 

2.  Kirkpatrick,  C.  H. :   Steroid  therapy  of  allergic  diseases.   Med.  Clin.  N. 
Am.  57:  1309-1320,  1973. 


3.   Kirkpatrick,  C.  H. ,  Meek,  J.  C.  and  Rich,  R.  R.:   Mechanism  of  allergy  to 
components  of  commercial  bovine  thyrotropin.   J.  Allergy  Clin.  Immunol. 
51:  296-302,  1973. 

h.      Axelsen,  N.  H.  and  Kirkpatrick,  C.  H. :   Simultaneous  characterization  of 
free  Candida  antigens  and  Candida  precipitins  in  patient's  serum  by  means 
of  crossed  Immunoelectrophoresis  with  intermediate  gel.   J .  Immunol . 
Methods  2:  2^5-21+9,  1973. 

5.  Kirkpatrick,  C.  H. :   Immunology  of  chronic  mucocutaneous  candidiasis. 
Dermatol.  Digest  13:  15-21,  197^. 

6.  Simon,  H.  B. ,  Guerry,  D. ,  Breslow,  A.  and  Kirkpatrick,  C.  H. :   Opportunistic 
pathogens  in  the  immunologically  hyperresponsive  host:   Pneumocystis 
carinii  infection  in  a  patient  with  allergic  bronchopulmorary  aspergil- 
losis. Am.  J.  Med.  55:  856-86^+,  1973. 

7.  Kirkpatrick,  C.  H.  and  Smith,  T.  K. :   Chronic  mucocutaneous  candidiasis: 
immunologic  and  antibiotic  therapy.   Ann.  Int.  Med.  8O:  310-320,  197^. 
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8.  Ugrinski,  P.  S.  and  Kirkpatrick,  C.  H. :   Corneal  cellular  inmunity  in  the 
guinea  pig.   Am.  J.  Path.  7^:  365-376,  197^. 

9.  Graw,  R.  G. ,  Lohrmann,  H.-P.,  Bull,  M.  I.,  Decter,  J.,  Herzig,  G.  P., 
Bull,  J.  M.,  Leventhal,  B.  G.,  Yankee,  R.  A.,  Herzig,  R.  H. ,  Kreuger, 
G.  R.  F.,  Bleyer,  W.  A.,  Buja,  M.  L. ,  McGinnis,  M.  H.,  Alter,  H.  J., 
Whang-Peng,  J.,  Gralnick,  H.  R.,  Kirkpatrick,  C.  H.  and  Henderson,  E. 
S.:   Bone  marrow  transplantation  following  comhination  chemotherapy 
immunosuppression  (B.A.C.T.)  in  patients  with  acute  lexikemia. 
Transplantation  Proc .   In  press. 
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10.   Pachman,  L.  M. ,  Kirkpatrick,  C.  H. ,  Kaufman,  D.  H.  and  Rothberg,  R.  M. : 
The  lack  of  effect  of  transfer  factor  in  thymic  dysplasia  with  immuno- 
globulin synthesis.   J.  Pediatrics.   In  press. 


11.   Kirkpatrick,  C.  H.  and  Gallin,  J.  I.: 
plastic  diseases  with  transfer  factor. 


Treatment  of  infectious  and  neo- 
Oncology .   In  press. 


12.   Axelsen,  N.  H. ,  Kirkpatrick,  C.  H.  and  Buckley,  R.  H. :   Precipitins  to 

Candida  albicans  in  chronic  mucocutaneous  candidiasis  studied  by  crossed 
Immunoelectrophoresis  with  inteiTnediate  gel.   Clin.  Exp.  Immiinol,   In  press. 


13-   Edelson,  R.  L. ,  Kirkpatrick,  C.  H. ,  Shevach,  E.  M.,  Schein,  P.  S.,  Smith, 
R.  W. ,  Green,  I.  and  Lutzner,  M. :   Preferential  cutaneous  infiltration 
by  neoplastic  thymus-derived  lymphocytes:   morphological  and  functional 
studies.   Ann.  Intern.  Med.   In  press. 

lU.   Levin,  D.  M. ,  Lipsky,  P.  E.  and  Kirkpatrick,  C.  H. :   Selective  hypogam- 
maglobulinemia with  persistence  of  IgE,  malabsorption  and  a  nutritionally 
dependent,  reversible  defect  in  cell  mediated  immunity.   Am.  J.  Med. 
In  press. 
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15.  Kirkpatrick,  C.  H. :   Delayed  (celliilar)  hypersensitivity.    In  Speer,  F. 
and  Dockhorn,  R.  J.  and  Shira,  J.  E.  (eds.)  Allergy  and  Immunology  in 
Children.   Springfield,  IL,  Charles  C.  Thomas,  Chapter  10,  pp.  130-1^+3, 
1973. 

16.  Kirkpatrick,  C.  H.,  Wells,  S.  A.,  Burdick,  J.  F.  and  Smith,  T.  K. :   Effects 
of  fetal  thymus  transplantation  on  defective  cellular  immunity.   In  Good, 

R .  A .  ( ed .  ) ,  Proceedings  of  the  Second  International  Workshop  on  Primary 
TTnmunodeficiency  Diseases  in  Man.   New  York,  National  Foundation.   In 
press. 
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17.   Kirkpatrick,  C.  H. :   Restoration  of  cell -mediated  immune  responses  with 
transfer  factor.   In  Good,  R.  A.  (ed.).  Proceedings  of  xhe   Second  Inter- 
national Workshop  on  Primary  Immvmodeficiency  Diseases  in  Man.   New  York, 
National  Foundation.   In  press. 


h 


o 


51 


I .. 


Serial  No.  NIAID-33(c) 

18.  Steinberg,  A.  D.  and  Kirkpatrick,  C.  H. :   Concepts  of  immunologic  inter- 
vention in  the  treatment  of  asthma.  In  Siegal,  M.  S.  and  Weiss,  E.  B. 
(eds.),  Bronchial  Asthma,  Mechanisms  and  Therapeutics,  Little,  Brown  and 
Co.   In  press. 

19-  Kirkpatrick,  C.  H.  and  Gallin,  J.  I.:   The  chemotactic  activity  of 
dialyzahle  transfer  factor.   II.   Further  characterization  of  the 
activity  in  vivo  and  in  vitro.   In  Dayton,  D.  H.  (ed.):  The  Phagocytic 
Cell  in  Host  Resistance.   In  press. 
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1.  LCI 

2.  Biologic  Structure  Section 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  197^ 

Project  Title:   The  Structural  Correlates  of  Antigen  and  Mitogen  Interaction 
with  Immunocompetent  Cells 

Previous  Serial  Number :   SAME 

Principal  Investigator:   Dr.  Alan  S.  Rosenthal 

Project  Description: 

See  the  July  1,  1972  through  June  30,  1973  project  report.   No  work 
was  done  on  this  project  dixring  the  past  year.   It  is,  therefore,  terminated. 


< 
o 


X 


r' 
< 


I 


ihii 


O 


53 


\ 


ikj 


Serial  No,  NIAID-itO(c) 

1.  LCI 

2.  Clinical  Parasitology  Section 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197 i+ 

Project  Title:   Clinical  Studies  on  Patients  with  Known  or  Suspected  Parasitic 
Diseases 

Previous  Serial  Nimiber:   SAME 

Principal  Investigators:   Dr.  Franklin  A.  Neva 

Dr.  Theodore  E.  Nash 

Other  Investigators:   Dr.  Eric  Ottesen 

Dr.  Allen  Kaplan 


Cooperating  Units: 


Dr.  David  W.  Ailing,  OSD,  NIAID,  NIH  (No  project  no.) 

Dr.  Richard  Raizman,  LPD,  NIAID,  NIH  (Project  no.  125-C) 

Dr.  Bjarne  Bjorvatn,  LPD,  NIAID,  NIH  (No  project  no.) 

Dr.  David  Wyler,  LPD,  NIAID,  NIH  (No  project  no.) 


Man  Years : 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned 
to  Project 


Guest 
Workers 


TOTAL 


Total 

I-I4/12 

l-U/12 

Professional 

l-U/12 

1-J+/12 

Other 

Project  Description: 
Objectives: 

1)  Study  pathophysiology  of  parasitic  diseases. 

2)  Develop  improved  criteria  to  assess  severity  or  extent  of  disease, 
indications  for  treatment,  and  reversibility  of  disease  process. 

3)  Contribute  to  training  of  Clinical  Associates,  Guest  Workers,  and 
medical  commiinity  in  general  concerning  clinical  diagnosis  and  management  of 
parasitic  diseases. 
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Methods  Employed: 


Patient  referrals  are  made  from  private  physicians  and  various  agencies 
including  the  Peace  Corps,  Montgomery  County  Health  Department  and  the  NIH. 
Increasing  numbers  of  patients  are  seen  in  the  Outpatient  facilities  of  the 
Clinical  Center. 

Quantitative  egg  counts  are  done  on  most  patients  with  helminthic  infec- 
tions to  better  evaluate  intensity  of  infection.   Other  appropriate  diagnostic 
studies,  as  well  as  standard  research  procedures  for  parasitic  diseases,  are 
carried  out  in  LPD.   Lymphocytes  are  isolated  from  patients  and  exposed  to 
mitogens  and  various  parasite  antigens  for  assessment  of  blast  transformation 
with  tritiated  thymidine.   Histamine  release  was  measured  fluorometrically 
from  human  basophils  sensitized  with  serum  antibody  and  challenged  with  para- 
site antigens. 

Ma.ior  Findings: 

As  in  the  past  years  a  miscellany  of  patients  with  known  or  suspected 
parasitic  infections  have  been  seen  with  schistosomiasis  probably  constituting 
the  largest  number  of  inpatients.   Another  large  category  of  cases  has  been 
giardiasis.   Dr.  Nash's  observations  on  circulating  antigen  in  schistosomiasis 
are  reported  sepaj-ately  (No.  121-K,  LPD,  NIAID)  as  are  the  complement  studies 
in  malaria  (No.  13^,  LPD,  NIAID). 
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A  very  resistant  case  of  cutaneous  leishmaniasis  in  a  Peace  Corps  volun- 
teer from  Senegal,  Africa  was  studied  extensively.   The  parasite  has  been 
cultured  and  established  in  mice  where  it  produces  progressive  facial  and 
food-pad  lesions.   The  mouse  model  with  this  interesting  strain  of  L^.  tropica 
is  being  studied  by  a  Guest  Worker  in  LPD,  Dr.  Bjorvatn.   The  patient  failed 
to  respond  to  both  pentavalent  antimony  and  1.2  grams  of  amphotericin  even 
though  his  cell-mediated  immune  responses  seemed  adequate. 

Esophageal  motility  studies  were  carried  out  on  a  Brazilian  patient  with 
chronic  Chagas'  disease  manifested  by  mega-esophagus  as  well  as  by  cardio- 
myopathy. 

Several  patients  from  Tonga  (South  Pacific)  with  microfilaremia  were 
brought  to  the  Clinical  Center  as  a  source  of  microfilarial  antigens  of  W. 
bancrofti.   Microfilariae  were  harvested  by  leukophoresis  and  purified  to 
produce  metabolic  and  somatic  antigens.   The  antigens  are  being  studied  for 
their  capacity  to  cause  histamine  release  in  human  basophils  sensitized  by 
high-titered  IgE  serum  from  cases  of  eosinophilic  lung.   The  point  of  these 
studies  is  to  use  possible  specificity  of  the  IgE  response  in  these  cases  to 
determine  filarial  etiology  of  eosinophilic  liing.   Dr.  Ottesen  is  also  study- 
ing blast  transformation  in  these  cases  before  and  after  Hetrazan  treatment. 
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Significance  to  Biomedical  Research  and  the  Prof;ram  of  the  Institute: 

The  research  and  service  activities  of  this  Section  complement  the  vari- 
ous infectious  disease  subspecialties  within  the  LCI  and  help  provide  a  well- 
halanced  research  and  training  program.  Some  of  the  patients  seen  have  stim- 
ulated the  initiation  of  IiPD  research  projects  and  collaborative  work  between 
LPD  and  LCI. 
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Proposed  Course: 

Dr.  Theodore  Nash  will  be  leaving  for  a  clinical  fellowship  in  June,  197^ 
and  Dr.  Wyler  will  take  over  for  him  to  assist  Dr.  Neva.   Dr.  Raizman  of  LPD 
has  also  become  increa,singly  involved  in  the  care  of  patients  with  parasitic 
diseases.   The  mouse  model  with  L.  tropica  will  be  maintained  and  studied 
further  and  it  is  hoped  that  collaborative  vrork  on  allergic  and  immunologic 
aspects  of  filariasis  can  be  continued  and  expanded  to  field  studies. 


Honors  and  Awards ; 


NONE 


Publications : 

1.   Neva,  F.  A.  (Chief  discussant):   Acute  adenopathy  in  a  young  main 

(Clinical  Pathological  Conference).   In  Gottlieb,  L.  S.  and  Southgate,  M. 
T.  (Coordinator  and  Editor).   J.  Am.  Med.  Assoc.  22^+:  1737-17^6,  1973. 
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1.  LCI 

2.  Clinical  Immunology  Section 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  19Tl4 

Project  Title:   The  Pathophysiology  of  Autoimmione  Hemolytic  Anemia 

Previous  Serial  Number:   SAME 

Principal  Investigator:   Dr.  Michael  M.  Frank 

Other  Investigators :   Dr .  John  Atkinson 

Dr.  Charles  Jaffe 
Dr.  Herbert  Reynolds 
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Cooperating  Units: 

None 

Man  Years: 

NIAID 

Other  NiH 

Guest 

Lab.  Staff 

Personnel 
Assigned 
to  Project 

Workers 

TOTAL 


Total 

1-9/12 

1-9/12 

Professional 

1-1/2 

1-1/2 

Other 

8/12 

8/12 

Ct) 
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Project  Description: 

Objectives : 

To  define  the  pathophysiologic  function  of  antibody  and  complement  on 
the  surface  of  red  cells  in  patients  vith  acute  hemolytic  anemia  and  to  deter- 
mine the  effect  of  these  substances  on  red  cell  survival.   To  determine 
whether  alterations  in  the  state  of  activation  of  the  cells  of  the  fixed 
phagocytic  system  influences  the  clearance  of  sensitized  erythrocytes.   To 
determine  in  an  animal  model  whether  antimetabolites  produce  their  clinical 
effect  in  treatment  of  Autoimmime  hemolytic  anemia  (AIHA)  by  reducing 
clearance  of  sensitized  cells.   To  extend  these  studies  to  hiiman  patients 
and  to  determine  whether  the  findings  obtained  in  guinea  pigs  can  be 
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duplicated  in  himans. 

Methods  Employed: 

Rabbits  have  been  immvinized  vith  guinea  pig  erythrocytes  utilizing  a 
nimber  of  different  routes  of  injection,  and  I_M  and  IgG  immunoglobulin 
fractions  of  high  purity  have  been  prepared  from  the  rabbit  antisera. 
Fractions  containing  antibody  with  high  avidity  for  guinea  pig  erythrocytes 
have  been  used  to  sensitize  guinea  pig  erythrocytes.   The  number  of  comple- 
ment fixing  sites  per  erythrocyte  formed  by  these  antibodies  has  been  deter- 
mined by  use  of  the  Cla  fixation  and  transfer  test.   The  antibodies  have 
been  used  to  sensitize  guinea  pig  erythrocytes  labeled  with  51  Cr  and  the 
half  life  of  the  cells  studied  after  reinjection  into  the  guinea  pig. 

In  the  most  recent  studies  using  this  animal  model  guinea  pigs  were 
treated  with  daily  injections  of  either  azothiaprine  or  Cytoxan  for  one 
week  before  study.   Clearance  studies  were  then  performed.  Also,  in  an 
extention  of  earlier  studies  complement  deficient  animals  were  treated  with 
cortisone  for  2  weeks  before  study  in  an  attempt  to  explore  the  effect  of 
cortisone  on  complement  independent  clearance. 

Human  anti  A  blood  groups  substance  IgM  antibody  was  purified  from 
human  serum  with  high  titer  antibody  by  gel  filtration  and  centraf\igation. 
This  antibody  was  utilized  to  sensitize  human  erythrocytes  with  a  known 
amount  of  IgM  antibody,  quantitated  on  a  molecular  basis  by  the  Cla  fixation 
and  transfer  test.   Erythrocytes  were  removed  from  a  normal  donor,  chromated 
with  51cr  and  then  sensitized  with  IgM  antibody  and  reinfused  into  the 
donor . 

Major  Findings: 

Neither  azothiaprine  nor  cyclophosphamide  decrease  the  clearance  from 
the  circulation  of  IgM  or  I„G  sensitized  erythrocytes.   In  some  cases  treat- 
ment with  these  drugs  augments  clearance.   Low  dose  Cytoxan  has  profound 
effects  on  the  formed  elements  of  the  blood  and  marrow.   Perhaps  as  a  con- 
sequence of  this  low  dose  cyclophosphamide  is  the  only  situation  we  have 
studied  in  which  therapy  leads  to  a  marked  augmentation  in  the  clearance 
of  sensitized  erythrocytes  by  the  bone  marrow  rather  than  by  the  liver  and 
spleen.   The  study  suggests  that  the  therapeutic  efficacy  of  these  drugs 
rests  on  their  ability  to  inhibit  antibody  synthesis  rather  than  on  effects 
on  RES  clearance.   Cortisone  therapy  was  shown  to  markedly  reduce  the  com- 
plement independent  clearance  of  IgM  and  IgG  sensitized  erythrocytes .   In 
fact,  cortisone  is  more  effective  in  reducing  complement  independent  clear- 
ance than  complement  dependent  clearance.   The  effect  is  dose  dependent  and 
there  is  little  effect  at  very  high  levels  of  sensitization.   The  results 
help  to  explain  the  fact  that  cortisone  has  a  greater  therapeutic  effect  in 
those  situations  where  antibody  sensitized  erythrocytes  are  destroyed  by  a 
complement  independent  mechanism. 
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The  findings  in  human  beings  are  as  follows : 

a)  As  few  as  20  IgM  molecules /erythrocyte  will  lead  to  clearance 
(abnormal  s\arvival  of  the  cells  in  the  circulation).   This  number  of  anti- 
body molecules  cannot  be  detected  by  conventional  methods  of  detection. 

b)  The  site  of  removal  of  the  cells  is  the  liver.   Sensitized 
erythrocytes  are  rapidly  removed  by  the  liver.  A  portion  of  the  cells  are 
ingested  and  a  portion  of  the  cells  only  adhere  to  Kupfer  cells  but  are 
not  ingested.   These  cells  are  released  back  into  the  circulation  where 
they  survive  normally. 

c)  Clearance  is  complement  dependent  and  the  cells  are  not  cleared 
in  individuals  with  an  intact  alternate  complement  pathway  but  with  a 
blocked  classical  pathway. 

d)  Clearance  can  be  correlated  with  the  number  and  type  of  C3  fragment 
bound  to  the  cell  membrane  after  complement  is  activated.  Each  IgM  molecule 
leads  to  the  deposition  of  500-800  C3  molecules  on  the  erythrocyte 
membrane.   The  molecule  form  of  the  deposited  C3  is  C3b.   These  cells  are 
immune  adherence  positive  and  are  rapidly  cleared  from  the  circulation. 
Sensitized  cells  treated  first  with  fresh  serum  and  then  with  heated  serum 
have  a  conversion  product  of  C3,  C3d  on  their  surface.   Such  cells  are 
immune  adherence  negative  and  survive  normally  in  the  circulation  although 
they  may  be  agglutinated  by  an  anti  C3  Coombs  reagent . 
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More  recently  in  experiments  performed  in  collaboration  with  Dr. 
Herbert  Reynolds,  we  have  attempted  to  identify  the  receptors  on  the  human 
macrophage  responsible  for  adherence  of  erythrocytes  sensitized  with  anti- 
body and  various  complement  fragments.  Thus  far  we  have  identified  a 
receptor  for  the  fragments  of  human  C3,  C3b  and  C3d.  We  are  attempting  to 
learn  why  the  C3d  receptor  does  not  mediate  clearance  in  vivo. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute. 
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These  studies  define  the  role  of  antibody  and  complement  in  clearance 
of  RBC'fe  in  patients  with  the  disease,  autoimmune  hemolytic  anemia.   They 
represent  the  first  moleciilar  studies  of  the  effect  of  immunoglobulin  and 
complement  on  the  sixrvival  of  erythrocytes.   They  explain  the  finding, 
known  for  many  years,  that  patients  with  hemolytic  anemia  may  have  Coombs 
positive  cells  in  their  circulation,  which  have  a  perfectly  normal  siirvival. 
Presumably,  the  cells  have  complement  components  placed  on  their  siirface 
by  IgM.   The  studies  point  out  the  in  vivo  importance  of  earlier  studies 
from  this  laboratory,  demonstrating  that  IgM  and  IgG  handle  complement 
components  differently  and  produce  different  kinds  and  amounts  of  damage 
to  cell  surfaces.   The  studies  provide  a  rational  basis  for  understanding 
the  mechanism  of  drug  action  in  the  treatment  of  these  diseases.   The  most 
recent  studies  in  humans  provide  evidence  that  the  guinea  pig  constitutes 
a  valid  model  for  the  study  of  these  human  illnesses  and  provides  the  basis 
for  the  first  quantitative  studies  on  the  effect  of  IgM  antibody  on 
erythrocyte  sui-vival  in  man. 
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Proposed  Course: 
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The  studies  in  man  will  be  extended  to  provide  data  on  each  of  the 
types  of  complement  fixing  and  non  complement  fixing  antibodies.   The 
receptor  studies  will  be  continued  in  aji  attempt  to  find  a  valid  explanation 
for  the  mechanism  of  cell  clearance  in  these  clinical  illnesses. 


Honors  and  Awards : 


None 


Publications : 

1.  Atkinson,  J.  P.  and  Frank,  M.  M. :  Effect  of  cortisone  therapy  on  serum 
complement  components.   J .  Immunol .  Ill:  IO6I-IO66,  1973. 

2.  Atkinson,  J.  P.,  Schreiber,  A.  D.,  and  Frank,  M.  M. :  Effects  of 
corticosteroids  and  splenectomy  on  the  immune  clearance  and  destruction  of 
erythrocytes.   J.  Clin.  Invest.  52:  1509-1517,  1973. 


3.  Frank,  M.  M.,  Schreiber,  A.  B.  and  Atkinson,  J.  P.:  In  Proceedings  of 
the  Conference  on  "Phagocytic  Cell  in  Host  Resistance."  Studies  of  the 
interaction  of  antibody  complement  and  macrophages  in  the  immune  clearance 
of  erythrocytes.   In  press. 

k.  Atkinson,  J.  P.  and  Frank,  M.  M.  :  Studies  on  the  in  vivo  effects  of 
antibody  interaction  of  IgM  antibody  and  complement  in  the  immune  clear- 
ance and  destruction  of  erythrocytes  in  man.  J.  Clin.  Invest.   In  press. 
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5.  Atkinson,  J.  P.  and  Frank,  M.  M. :   The  effect  of  bacillus  calmette- 
guerin  induced  macrophaige  activation  on  the  in  vivo  clearance  of  sensitized 
erythrocytes.   J.  Clin.  Invest.   In  press. 
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1.  LCI 

2.  Biologic  Struct\ire  Section 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  197 1^ 

Project  Title:   Ultrastructural  Correlates  of  the  Cellular  Events  in  Host 
Defense  Mechanisms  in  Man  and  Experimental  Animals 

Previous  Serial  Number :   SAME 

Principal  Investigator:   Dr.  Alan  S.  Rosenthal 

Project  Description: 

See  the  July  1,  1972  through  June  30,  1973  project  report.   No  work 
was  done  on  this  project  during  the  past  year.   It  is,  therefore,  terminated. 
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Project  Title: 


Serial  No.  NIAID-)+6(c) 

1.  LCI 

2.  Biologic  Structure  Section 

3.  Bet he s da,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197^+ 

Immunobiologic  and  Ultrastructural  Characterization  of  the 
Mechanism  of  Antigen  Recognition 


Previous  Serial  Number:   SAME 

Principal  Investigator:   Dr.  Alan  S.  Rosenthal 

Other  Investigators:   Dr.  Jerrold  J.  Ellner 

Dr.  Dirk  K.  Greineder 
Dr.  Peter  E.  Lipsky 
Mr.  J.  Thomas  Blake 
Mrs.  Kerstin  U.  Cehrs 

Cooperating  Units:   Dr.  Ethan  Shevach,  LI,  NIAID,  NIH  (Project  No.  lU2) 


Man  Years: 

Other  NIH 
Personnel 

NIAID 

Assigned 

Guest 

Lab.  Staff 

to  Project 

Workers 

TOTAL 

Total : 

U-10/12 

- 

- 

U-10/12 

Professional: 

3-10/12 

- 

- 

3-10/12 

Other : 

1 

- 

- 

1 

Project  Descript. 

Lon: 

Objectives: 

1.  To  develop  and  apply  techniques  for  the  isolation  of  immunocompetent 
thymus-derived  lymphocytes. 

2.  To  characterize  in  a  quantitative  and  qualitative  fashion  the 
response  of  such  cells  to  a  variety  of  in_  vitro  correlates  of  cellular  immunity 
such  as  antigen-dependent  lymphocyte  proliferation  and  macrophage  inhibitory 
factor  production. 

3.  To  characterize  the  ultrastructure  and  physiology  of  these  cells  as 
contrasted  with  other  types  of  lymphocytes. 

h.      To  study  the  mechanism  of  lymphocyte  recognition  of  and  activation 
by  antigen  and  mitogen  using  visible  antigenic  markers  such  as  horseradish 
peroxidase  (HRPO),  HRPO-protein  conjugates  and  radiolabelled  antigens. 
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5.  Characterize  the  role  of  macrophage-lymphocyte  interaction  in  cell 
activation  at  a  functional  and  ultrastructural  level. 

6.  To  study  the  genetic  regulation  of  immiuie  responsiveness  and  the 
role  of  surface  membrane  determinants  in  cell  cooperation. 

Methods  Employed: 

1.  Determination  of  DNA  synthesis  of  lymphocytic  populations  with  and 
without  addition  of  antigen  by  k  hoior  pulse  of  3H-TdR  incorporation.  Results 
assayed  by  either/or  both  autoradiography  or  liquid  scintillation  spectrometry. 

2.  Preparation  and  isolation  of  partially  purified  population  of  lymph- 
ocytes from  oil-induced  peritoneal  exudates  or  regional  draining  nodes  subse- 
quent {2-k   weeks)  to  immunization  of  inbred  strain  2  and  13  guinea  pigs  with 
chemically  defined  antigens  such  as  horse  spleen  ferritin,  horseradish  peroxi- 
dase or  hapten  protein  conjugates. 

3.  Coliomn  purification:   Peritoneal  exudate  cells  (FEC)  or  lymph  node 
cell  suspensions  were  passed  over  glass  bead  columns  and  incubated  at  37°C  for 
one  hour.   Cells  were  then  eluted  with  10^  guinea  pig  sera  in  minimal  essential 
Eagle's  media  and  the  recovered  cells  studied. 

U.   Prepajration  of  macrophage-rich  oil-induced  peritoneal  exudate  cells. 

5-   Ultrastructural  analysis  of  antigen  localization  by  means  of  auto- 
radiography (isotopically  labelled  antigen)  or  cytochemistry  (peroxidase 
coupled  or  direct  use). 

6.   Binding  of  lymphocytes  to  a  macrophage  receptor  can  be  assessed  both 
in  the  presence  and  absence  of  antigen.   Monolayers  of  guinea  pig  macrophages 
are  prepared  by  adherence  of  monocyte-macrophages  from  oil-induced  peritoneal 
exudates  to  Lab-Tek  tissue  culture  chamber  slides.  After  removal  of  non- 
adherent cells,  7x10°  lymphocytes  are  added  to  either  control  or  antigen  pulsed 
monolayers  for  varying  periods  of  time,  after  which  the  non-macrophage  bound 
lymphocytes  are  removed  by  washing  and  the  monolayer  fixed  with  1%   gluteralde- 
hyde  for  light  or  electron  microscopic  analysis. 

T.   The  uptake  and  fate  in  culture  of  soluble  protein  antigens  is  being 
studied  functionally  and  by  correlation  of  the  state  and  localization  of 
-"■^^I-labelled  DNP-GPA.   Additional  studies  with  KLH,  random  copolymers  of 
poly-L-glutajnic  acid-L-lysine  and  PPD  are  also  being  carried  out. 

8.   Assay  of  the  mixed  leukocyte  reaction  (MLR)  are  carried  out  by  assay 
of  ^H-TdR  incorporation  occurring  when  cells  from  a  variety  of  strain  2  and  13 
guinea  pig  lymphoid  tissues  are  mixed  and  cultured  for  5-7  days  in_  vitro. 

Major  Findings: 

1.   Complex  lymphoid  cell  mixtiires  placed  over  glass  bead  columns  are 
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depleted  of  antibody  forming  cells  and  their  precursors  as  measured  by  loss  of 
plaque  forming  cells  (FFC'S);  immunoglobulin  and  antigen  specific  receptor 
bearing  cells  as  measured  autoradiographically.   By  contrast  those  cells  which 
participate  in  in_  vitro  correlates  of  cellular  immunity  such  as  antigen- 
dependent  lymphocyte  proliferation  and  elaboration  of  macrophage  irJiibitory 
factor  (MIF)  are  excluded  from  the  column. 


^ 


2.  There  appears  to  be  within  the  lymphoreticular  system  a  segregation 
both  functionally  and  anatomically  of  immune  competence.   Those  cells  which 
mediate  cellular  immiHie  f\inction  appear  to  be  sequestered  within  inflammatory 
sites  such  as  oil-induced  peritoneal  exudates.   These  sequestered  cells  possess 
enhanced  immune  responsiveness  producing  greater  inhibition  of  macrophage  mi- 
gration by  a  factor  of  10  than  an  equivalent  number  of  lymphocytes  derived  from 
the  region  nodes.   Moreover,  antigen  recognition  as  indicated  by  new  DNA  syn- 
thesis in  inflammatory  exudate  lymphocytes  is  30-200  fold  greater  than  an 
equivalent  number  of  lymph  node  lymphocytes.   The  differences  cannot  be  explained 
by  presence  or  absence  of  macrophages,  significant  blastogenic  factor  release 

or  desparities  in  the  kinetics  of  cell  responsiveness. 

3.  The  peritoneal  exudate  lymphocyte  have  unique  surface  membrane 
changes  on  ultrastructural  analysis. 


k.      The  l^Tnphocytes  within  the  peritoneal  exudate  (PELS)  appear  to  re- 
present thymus-derived  or  T-lymphocytes.   At  least  two  types  exist.   One  pos- 
sesses a  cell  surface  membrane  modification,  a  uropod,  whose  formation  is 
metabolically  dependent .   B  lymphocytes  which  bear  surface  immunoglobulin  do 
not  appear  to  form  uropods .  ^ 


i 
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5.  Activation  of  immunocompetent  T  lymphocytes  is  a  complex  phenomenon. 
While  the  exact  mechanism  is  not  established,  our  data  strongly  indicate  a 
multi-step  event  in  which  an  initial  interaction  of  antigen  with  an  immuno- 
logically naive  macrophage  occurs  followed  by  T-cell  macrophage  interaction 
and  thence  antigen  recognition.   T  lymphocytes  do  not  themselves  appear  capable 
of  direct  interaction  with  soluble  antigen.   Regression  analysis  of  cell  densi- 
ty and  studies  employing  metabolic  inhibitors  indicate  a  necessary  physical 
interaction  between  the  immuno specific  T-lymphocyte  and  the  macrophage  being 
immxinorelevant  antigen. 

6.  The  activation  of  antigen  dependent  T  lymphocyte  proliferation  has 
been  shown  to  require  an  obligatory  presentation  of  antigen  on  macrophages 
rather  than  direct  antigen  interaction  with  the  immunospecif ic  T  lymphocyte. 
Moreover  studies  with  soluble  protein  antigens  has  demonstrated  that  histo- 
compatibility linked  membrane  determinant  play  a  rate  limiting  role  in 
macrophage-lymphocyte  cooperation. 


7.  Macrophages  have  been  shown  to  possess  surface  membrane  receptors 
from  lymphocytes.   Characterization  of  the  kinetics,  cellular  specificity  and 
ultrastructure  of  this  phenomenon  suggests  that  antigen  independent  binding  of 
lymphocytes  to  macrophages  plays  an  important  role  in  antigen  recognition  by 
guinea  pig  T  lymphocytes. 
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8.  Addition  of  antigen  to  monolayers  of  macrophages  in  the  presence  of 
specifically  immune  lymphocytes  results  in  a  stabilization  of  otherwise  rever- 
sible antigen  independent  binding  of  lymphocytes  to  macrophages.  Such  antigen 
dependent  binding  as  assessed  at  2k  hours  exhibits  specificity  and  histocompa- 
tibility dependency  and  appears  to  represent  an  early  morphologic  correlate  of 
antigen-mediated  lymphocyte  proliferation  (Lipsky). 
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9.   The  uptake  of  soluble  antigens  by  macrophages  proceeds  via  a  complex 
temperature  and  metabolic  dependent  process.   At  least  two  major  pathways  exist. 
The  first  involves  binding  of  the  protein  to  the  surface  membrane.  Following 
svirface  binding,  a  metabolic  dependent  phase  involves  internalization  of  antigen 
(micropinocytosis).   The  fate  of  this  non-degraded  protein  is  not  fully  estab- 
lished.  The  second  major  pathway  appears  to  involve  macropinocytosis  (fluid 
phase)  probably  representing  at  least  80^  of  the  total  uptake  of  protein.   This 
later  leads  to  lysosomsil  fusion  and  degradation  to  free  aminoacid  and  small 
peptides.  At  present  the  micropinocytotic  pathways  appears  to  be  immunologi- 
cally relevant.   Correlative  functional  and  labelling  studies  indicates  that 
immunogenecity  of  macrophage  bound  proteins  decays  with  a  half -life  of  approxi- 
mately two  days.   While  total  intact  protein  content  with  time  in  ctature 
remains  constant,  its  accessibility  to  the  lymphocytes  is  progressively  dimin- 
ished.  Characterization  and  localization  of  this  protein  is  cvirrently  under 
study  (Ellner). 


.1  s: 


10.   The  nature  of  the  stimulating  and  responding  cells  in  the  mixed 
le\ikocyte  reaction  (MLR)  is  not  known.   It  is  generally  agreed  that  the  likely 
responding  cel.1  is  a  T  lymphocyte.   Most  controversiaJ.  is  the  nature  of  the 
stimiilating  cell.   In  view  of  the  initial  and  obligatory  role  of  the  macrophage 
in  the  recognition  of  soluble  protein  antigens  by  T  lymphocytes  and  support  of 
lymphocyte  viability  in_  vitro ,  we  have  examined  the  role  of  macrophages  in  the 
MLR.   We  have  foimd  that  in  the  guinea  pig  there  exists  two  pathways  for  initi- 
ation of  the  MLC.   The  major  stimulating  cell  is  the  allogeneic  macrophage. 
A  bypass  mechanism  exists  whereby  responder  macrophages  either  directly  or  in- 
directly facilitate  recognition  of  gene  products  of  the  membranes  of  non- 
macrophages  such  as  allogeneic  T  or  B  lymphocytes  (Greineder). 


< 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  isolation  and  characterization  of  an  enriched  popxilation  of  cellular 
immune  effector  cells  should  provide  a  usefiil  system  for  study  of  the  role  of 
the  cellular  immune  effector  cells  in  immunologic  surveillance  and  their  con- 
tribution to  the  humoral  limb  of  host  defenses.   Tumor  immunity  and  transplan- 
tation immunity  have  been  shown  to  rely  to  a  great  extent  upon  mechanisms  of 
cellular  immune  function  such  as  cytotoxicity  and  elaboration  of  other  so-caJLled 
"soluble  mediators".   A  more  f\indamental  understanding  of  the  immunobiology  of 
these  crucial  events  and  morphologic  correlates  may  provide  new  insights  into 
immime  competence  in  man  and  information  on  the  mechanisms  of  cellular  regula- 
tion of     iramiine  responsiveness.   Potential  approaches  to  therapeutic  manipu- 
lation of  such  events  would  be  of  immediate  clinical  relevance. 
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Proposed  Coxirse: 

1.  Characterize  the  mechanism  of  antigen  recognition  "by  T  and  B 
lymphocytes. 

2.  Characterize  the  role  of  the  macrophage  in  in_  vivo  and  in_  vitro 
initiation  of  cell-mediated  immunity  in  experimental  animals. 

3.  Characterize  the  localization  and  fate  of  macrophage-associated 
antigen  in  in  vitro  antigen-mediated  lymphocyte  proliferation. 

h.      Explore  the  role  of  histocompatibility  and  genetic  regiilation  in 
cell-cell  interactions  required  for  expression  of  cellular  immunity. 

Honors  and  Awards : 

1.   Chairmanship  -  Ninth  Leukocyte  Culture  Conference,  Williamsburg, 
Virginia,  December  1-5,  197^. 

Publications: 

1.  Stobo,  J.  and  Rosenthal,  A.  S.:   Biologically  active  concanavalin  A  com- 
plexes suitable  for  light  and  electron  microscopy.   Exp.  Cell  Res.  70: 
kk3-kk6,   1972. 

2.  Waldron,  J.  A.,  Horn,  R.  G.,  and  Rosenthal,  A.  S. :   Antigen-induced  pro- 
liferation of  guinea  pig  lymphocytes  in_  vitro:   Obligatory  role  of  macro- 
phages in  the  recognition  of  antigen  by  immune  T-lymphocytes.   J .  Immunol . 
Ill:  58-61*,  1973. 

3.  Rosenthal,  A.  S. ,  Johnson,  J.  S.,  Rosenstreich,  D.  L. ,  and  Blake,  J.  T. : 
Evidence  for  a  nonprecipitating  antibody  in  the  guinea  pig.   Int'l.  Arch. 
Allergy  Appl.  Immunol.  UU:  2^9-259,  1973. 

k.      Stobo,  J.  D.,  Rosenthal,  A.  S. ,  and  Paul,  W.  E. :   Functional  heterogeneity 
of  murine  lymphoid  cells.  V.  Lymphocytes  lacking  detectable  svirface  of 
immunoglobulin  determinants.   J .  Exp .  Med .  138:  71-88,  1973- 

5.  Cohen,  B.  E. ,  Rosenthal,  A.  S.,  and  Paul,  W.  E. :   Antigen-macrophage  inter- 
action.  I.  Hapten-specific  inhibition  of  euitigen  interaction  with  macro- 
phages from  imrntme  animals.   J .  Immunol .  Ill:  81I-819,  1973. 

6.  Cohen,  B.  E. ,  Rosenthal,  A.  S. ,  and  Paul,  W.  E. :   Antigen-macrophage  inter- 
action.  II.  Relative  roles  of  cytophilic  antibody  and  other  membrane  sites. 
J.  Immunol.  Ill:  820-828,  1973. 

7.  Lipsky,  P.  E.  and  Rosenthal,  A.  S.:  Macrophage-lymphooyte  interaction. 

I.  Characteristics  of  the  antigen-independent-binding  of  guinea  pig  thymo- 
cytes and  lymphocytes  to  syngeneic  macrophages.   J .  Exp .  Med .  I38:  900-92l|, 
1973. 
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Rosenthal,  A.  S.  and  Shevach,  E.  M. :  Function  of  macrophages  in  antigen 
recognition  by  guinea  pig  T  lymphocjrtes .  I.  Requirement  for  histocompa- 
tible  macrophages  and  lymphocytes.   J.  Ebcp.  Med.  138:  II9I1-1212,  1973. 

Shevach,  E.  M.  and  Rosenthal,  A.  S.:  Function  of  macrophages  in  antigen 
recognition  by  guinea  pig  T  lymphocytes.  II.  Role  of  macrophages  in  the 
regulation  of  genetic  control  of  the  immune  response.  J .  Exp .  Med .  I38: 
1213-1229,  1973. 

Rosenthal,  A.  S.,  Davie,  J.  M. ,  Rosenstreich,  D.  L. ,  and  Cehrs,  K.  U. : 
Antibody-mediated  internalization  of  B  lymphocyte  surface  membrane  immuno- 
globulin. Exp.  Cell  Res.  Bl:  317-329,  1973. 
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11.   Waldron,  J.  A.,  Jr.,  Horn,  R.  G.,  and  Rosenthal,  A.  S.:   Antigen-induced 
proliferation  of  guinea  pig  lymphocytes  in^  vitro :  Functional  aspects  of 
antigen  handling  by  macrophages.   J .  Immunol .  112:  7^+6-755,  197^. 


12.   Rosenstreich,  D.  L.  and  Rosenthal,  A.  S. :   Peritoneal  exudate  lymphocyte. 
III.  Dissociation  of  antigen-reactive  lymphocytes  from  antigen-binding 
cells  in  a  T-lymphocyte  enriched  popiilation  in  the  guinea  pig. 
J.  Immunol.  112:  1085-1093,  1971+. 


13.   Lipsky,  P.  E.  and  Rosenthal,  A.  S.:  Antigen-independent  physical  inter- 
action of  guinea  pig  thymocytes  and  lymphocytes  with  macrophages.   In 
Lindahl-Kiessling,  K.  and  Osoba,  D.  (eds.):   Lymphocyte  Recognition  and 
Effector  Mechanisms.   Uppsala,  Academic  Press,  197^,  PP- 521-528. 
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Project  Title:   Clinical  Studies  of  Complement  Abnormalities  of  Man 
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1-6/12 
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Project  Description: 

Objectives: 

To  define  the  role  of  complement  in  human  illness  and  to  develop  better 
methods  of  therapy  for  immune  damage  mediated  by  complement. 
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Methods  Employed: 


Complement  components  are  piirified  and  used  for  estimation  of  component 
levels  in  human  sera  and  spinal  fluid.   Double  blind  therapeutic  studies  are 
employed  to  test  new  methods  of  therapy  in  patients.   Patients  on  exper- 
imental drug   protocols  are  followed  to  determine  signs  of  toxicity.   New 
methods  are  devised  to  diagnose  complement  related  diseases  and  to  invest- 
igate their  pathophysiology. 

Ma.1or  Findings: 

During  the  past  year  the  evaluation  of  the  first  patient  with  Cg 
deficiency  was  completed.   It  was  shown  that  this  patient's  serum  possessed 
normal  activity  in  chemotactic  factor  generation.   It  was  unable  to  lyse 
bacteria,  sensitized  sheep  erythrocytes  or  erythrocytes  from  patients  with 
the  disease  paroxysmal  nocturnal  hemoglobinuria.   The  serum  had  normal 
opsonic  function  which  underscores  the  importance  of  opsonic  activity  rather 
than  bactericidal  activity  in  protection  from  infection. 

Evaluation  has  been  completed  of  the  tenth  family  with  total  Cg 
deficiency.   This  is  of  interest  because  the  propositus  is  the  first 
individual  to  be  identified  with  C2  deficiency  and  dermatcmyositis  -under- 
scoring the  interesting  association  between  autoimmune  disease  and  com- 
plement deficiency. 


< 


In  collaboration  with  Dr.  Frank  Neva's  group,  we  have  explored  the 
interrelations  between  malaria  infection  and  complement  activation.  Humans 
with  chronic  infection  with  plasmodiian  vivax  have  a  striking  cyclycling 
of  their  complement  levels  which  coincide  with  the  parasite  cycle.   At  the 
time  of  schizont  ruptiire  there  is  a  profound  fall  in  whole  complement 
CCH50)  and  in  the  level  of  the  components  Ci,  Cl^,  and  C2.   There  is  no 
major  change  in  the  levels  of  the  later  components,  C3  and  beyond.   Inter- 
estingly, this  pattern  of  consumption  resembles  that  noted  in  the  disease 
hereditary  angioedema  except  in  that  antigen  antibody  complexes  appear 
to  be  responsible  for  the  consumption  and  therefore  Ci  is  consumed.   It 
is  not  known  whether  this  pattern  of  Ci  activation  participates  in  the 
production  of  clinical  symptoms. 

Study  of  patients  with  hereditary  angioedema  continues.  We  sire  con- 
tinuing to  follow  a  group  of  patients  on  long  term  treatment  with  epsilon 
amino  caproic  acid  (EACA)  in  an  attempt  to  further  define  the  toxicity  of 
this  drug.  A  double  blind  study  has  been  initiated  to  determine  the  effect 
of  treatment  with  another  agent,  the  progestational  hormone  Provera.   Thus 
far  four  patients  have  participated  in  this  double  blind  study  using 
essentially  the  same  protocal  as  that  used  in  our  earlier  investigation  of 
EACA.   A  standardized  approach  has  been  developed  to  many  of  the  clinical 
problems  which  develop  during  the  course  of  this  disease  in  an  attempt  to 
reduce  morbidity  and  mortality. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

These  studies  help  define  the  role  of  complement  in  human  illness  and 
help  to  develop  "better  means  of  therapy  for  sick  individuals.   The  study 
of  the  rare  patients  with  complement  deficiencies  has  helped  better  define 
the  importance  of  these  components  in  disease  states.   Evaluation  of  drugs 
in  therapy  of  hereditary  angioedema  is  helping  to  treat  these  patients 
and  moreover  helping  to  identify  those  agents  which  may  he  useful  in 
protecting  against  complement  mediated  disease. 

Proposed  Course: 

These  studies  will  be  extended  to  evaluation  of  new  therapeutic  agents. 
The  exploration  of  the  role  of  complement  in  clinical  illness  will  be  con- 
tinued. 


Honors  and  Awards : 
Publications: 


None 
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J.  Immunol.  108:   325-328,   1972. 

2.  Pearson,  K.  D.,  Buchignani ,  J.  S.,  Shimkin,  P.  M. ,  and  Frank,  M.  M.: 
Hereditary  angioneurotic  edema  of  the  gastrointestinal  tract.   Am.  J.  . 
Roentgenol.  Radium  Therapy  and  Nuclear  Med.  CXVI:  256-261,  1972. 

3.  Green,  I.,  Shevach,  E.M.,  Stobo,  J.,  Frank,  M.  and  Heberman,  R.: 

B  cell,  t  cell  and  monocyte  origin  of  the  guinea  pig  L2C  leukemia,  mouse 
lymphomas  and  human  leukemias  and  lymphoblastic  cell  lines.   In  Jankovic, 
B.  D.  (ed.):  Microenvinronmental  Aspects  of  Immunity.   New  York,  Plenam 
Publishing  Company,  1972,  pp.  I+9I-U98. 

k.  Hadler,  N.  M. ,  Gerwin,  R.  D.,  Frank,  M.  M. ,  Whitaker,  J.  N. ,  Baker,  M. , 
and  Decker,  J.  L.:  The  fourth  component  of  complement  in  the  cerebrospinal 
fluid  in  systemic  lupus  erythematosus.  Arthritis  Rheum.  16:  507-521,  1973. 

5.  Edelson,  R.  L.,  Smith,  R,  W. ,  Frank,  M.  M.,  and  Green,  I.:   Identification 
of  subpopulations  of  mononuclear  cells  in  cutaneous  infiltrates.   I. 
Differentiation  between  B  cells,  T  cells  and  histiocytes.   J.  Invest. 
Dermatol.   6I:  82-89,  1973. 

6.  Leddy,  J.  P.,  Frank,  M.  M. ,  Gaither,  T. ,  Baum,  J.,  and  Klemperer,  M.  R. : 
Hereditary  deficiency  of  the  sixth  component  of  complement  in  man.   I. 
Immunochemical,  biologic  and  family  studies.  53:  5i|i+-553,  197^. 
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Project  Description: 

Objectives: 

Pseudomonas  aeruginosa  is  a  serious  opportunistic  bacterial  pathogen  for 
patients  with  impaired  host  immunity  due  to  hematological  malignancies  or 
from  immunosuppressive  therapy  for  various  neoplastic  or  other  systemic 


71 


2: 


t 


Serial  No.  NIAID-US  (c) 


r4— 1 


diseases.  Also,  patients  vith  extensive  turns  or  structural  l\mg  diseases, 
particularly  those  who  require  assisted  ventilation  treatment,  are  at  high 
risk  to  develop  Pseudomonas  infections.   Pseudomonas  colonization  of  the 
respiratory  tract  and  subsequent  pneumonia  is  particularly  troublesome 
because  the  patient's  response  to  antibiotics  is  often  not  dramatic  and  the 
microorganisms  may  not  be  eradicated.  For  example,  piolmonary  infections 
in  children  with  cystic  fibrosis  are  difficult  to  cure  because  antibiotics 
such  as  cEirbenicillin  and  gentamicin  do  not  diffuse  into  bronchial  secretions 
in  sufficient  concentrations  to  achieve  inhibitory  levels  against  the 
Pseudomonas  organisms.  Another  approach  to  improve  therapy  of  these  pulmonary 
infections  is  that  of  immtmological  prophylaxis  throiagh  the  development  of 
specific  anti-Pseudomonas  antibodies  in  serum  and  in  the  respiratory  tract. 
These  antibodies,  particularly  those  mth  opsonic  antibody  activity,  may  help 
the  lungs'  cellular  defense  mechanism  (pulmonary  macrophages)  by  enhancing 
phagocytosis  and  killing  of  Pseudomonas . 

The  initial  phase  was  conducted  in  experimental  animals  and  has  expanded 
now  into  a  more  general  assessment  of  p\almonary  host  defenses  which  includes 
several  human  experimental  protocols,  employing  a  heptavalent  Pseudomonas 
aeruginosa  vaccine  (Parke-Da.vis,  Inc.  BB-IND  I85),  and  in  the  study  of  an 
immiinosuppressed  canine  model  of  experimental  pneijmonia.  In  many  ways  the 
clinical  projects  are  consolidated  in  this  experimental  pneumonia  model 
(Pseudomonas  aeruginosa,  serotype  II),  done  in  collaboration  with  Dr.  David 
C.  Dale  (LCI)  and  Dr.  Robert  Graw  (NCI). 


r 


Methods  Employed : 

Rabbits  are  vaccinated  with  a  variety  of  monovalent  and  polyvalent 
whole-cell  or  lipopolysaccharide  Pseudomonas  vaccines  to  observe  the  develop- 
ment of  antibody  in  serum  and  bronchial  secretions.  Agglutinating  antibodies, 
total  titers  and  2-mercaptoethanol  resistant  (igG)  titers,  are  measured. 
Isolation  and  purification  of  antibodies  from  serum  and  bronchial  secretions 
employes  gel  filtration  and  ion  exchange  chromatography,  sucrose  density 
gradient  ultracentrif ligation,  zone  electrophoresis  and  other  standard  concen- 
tration and  separation  techniques.  Macrophages,  established  in  short-term 
cell  monolayer  ciiltures  with  well  described  techniques,  are  challenged  with 
ll+C  labeled  bacteria,  which  have  been  previously  opsonized;  subsequent 
phagocytosis  is  measured  with  liquid  scintillation  spectroscopy  and  bacterial 
killing  is  assayed  with  standard  agar  pour  plate  cultures.   Bronchial 
secretion  proteins  are  quantitated  by  immunodiffusion  precipitation  methods. 
In  addition,  cellular  immunity  is  evaluated  by  skin  testing  (histology)  and 
in  vitro  culture  of  lymphocytes.   Lymphocj-tes  are  stimulated  to  produce 
lymphokines  (migration  inhibition  factor)  and  the  migration  of  alveolar 
■macrophages  is  studied. 

Major  Findings: 

The  type  of  specific  anti-Pseudomonas  antibody  induced  in  the  lungs  or 
bronchial  secretions  depends  upon  the  route  of  vaccination  used  -  intra- 
muscular (IM)  or  intranasal.  Following  parenteral  (IM)  immunization,  IgG 
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agglutinative  and  opsonic  antibody  is  present  in  lung  secretions  which 
diffuses  into  the  lung  from  the  blood;  in  contrast,  intranasal  innminization 
produces  secretory  IgA  and  secretory  IgG  antibodies  in  addition  to  a  modest 
systemic  or  serum  antibody  response.  These  bronchial  antibodies  have  been 
isolated  and  characterized.  However,  IgG  seems  to  be  the  more  important 
opsonic  antibody  in  the  Ixing  on  the  basis  of  phagocytic  and  killing  studies 
done  with  in  vitro  alveolar  macrophages  and  l^iC  labeled  Pseudomonas  organsims. 
Cell  mediated  immunity  (CMI)  develops  transiently  after  imnrunization. 
Intranasal  immunization  results  in  immune  respiratory  lymphocytes  which 
are  capable  of  inhibiting  the  migration  of  normal  alveolar  macrophages  for 
brief  intervals  (2-3  weeks)  after  primary  immunization.  In  contrast, 
systemic (parenteral )imm\mization  does  not  induce  respiratory  tract  immunity. 
Results  of  vaccination  studies  in  three  groups  of  susceptible  patients 
to  Pseudomonas  infections  (those  with  acute  leukonia,  cystic  fibrosis,  euad 
structural  lung  diseases)  have  been  completed  and  show  that  vaccination  is 
tolerable  in  these  patients,  if  sipall  doses  of  steroids  are  combined  in  the 
syringe  with  the  vaccine  which  effectively  reduces  systemic  reactions  to 
the  lipopolysaccharide  material.  A  good  htmioral  antibody  response  can  be 
obtained.  A  decrease  in  the  number  of  Pseudomonas  infections  was  not 
found  in  the  vaccinated  (n=22)  versus  control  (n=20)  groups  of  patients 
with  acute  leoikemia  because  of  the  small  number  of  available  patients. 
Cystic  fibrosis  patients  (n=12)  responded  well  to  the  vaccine  with  high 
titers  of  agglutinating  antibodies;  immunization  has  not  appeared  to  affect 
the  infectious  course  or  the  colonization  of  their  respiratory  tracts  with 
Pseudomonas . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 


i. 


Pseudomonas  infections  in  patients  with  altered  iramxmity  or  with 
structural  lung  disease  is  a  major  infectious  disease  problem  which  causes 
a  high  number  of  acquired  infections  in  hospitalized  patients.   Recognizing 
that  patient  isolation  is  not  feasible  because  of  the  ubiquity  of  the 
Pseudomonas  organisms,  which  are  part  of  the  bacterial  flora  of  many 
hospitalized  patients,  and  that  antibiotic  therapy  may  be  ineffective 
despite  the  availability  of  good  ajiti-Pseudomonas  antibiotics,  immunization 
of  high  risk  patients  with  Pseudomonas  vaccines  is  a  reasonable  addition 
to  existing  therapy.  A  Pseudomonas  polyvalent  vaccine,  developed  by  Parke, 
Davis  and  Co.,  Detroit,  Michigan,  is  currently  \inder  investigation  (BB-INDI85) 

As  yet  little  attention  has  been  given  to  the  induction  of  protective 
antibodies  in  the  respiratory  tract  and  to  the  subsequent  control  of  pul- 
monarydolonization  by  Pseudomonas.  Certainly,  from  the  experimental  emimal 
studies  described,  it  is  possible  to  obtain  specific  bronchial  smtibody 
but  to  do  so  immxinization  must  be  prolonged  enough  to  ensure  development 
of  IgG  antibody.   In  the  presence  of  the  antibody  which  is  available  to 
opsonize  Pseudomonas  organisms,  pulmonary  macrophages  iii  vitro  are  efficient 
in  ingesting  and  killing  these  organisms.   The  role  of  cell  mediated  immunity, 
pELTticulaxly  in  the  lung,  in  activation  of  alveolar  macrophages  or  enhance- 
ment of  phagocytosis  and  intracell\ilar  killing  must  be  determined. 
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Proposed  Course: 


1.  Patients  considered  to  he   at  high  risk  for  Fseudomonas  piilmonary 
infections,  will  be  vaccinated  with  the  Parke,  Davis  and  Co.,  polyvalent 
Pseudomonas  vaccine  (Pseudogen)  to  determine  the  optimal  vaccination  regimen 
necessary  to  produce  specific  IgG  bronchial  antibodies.   Observations  con- 
cerning the  protective  value  of  these  antibodies  will  be  made.   Intranasal 

or  possible  intrabronchial  immunization  will  be  done  in  patients  with  chronic 
lung  diseases  who  are  at  increased  risk  for  pseudomonas  pneumonia  in  an 
attempt  to  maximize  respiratory  antibodies. 

2.  Continuation  of  the  experimental  pneumonia  model  in  neutropenic 
and  immunosuppressed  dogs.  Studies  evaluating  passive  immunization  with 
IgG  agglutinating  antibody  wi.ll  be  done. 

3.  Studies  with  human  respiratory  macrophages  and  opsonic  antibodies; 
similar  to  the  animals  experiments,  will  be  continued.   Further  analysis 

of  the  cellular  and  protein  milieu  of  the  lower  lung  is  underway.  Patients 
and  normal  voliinteers  are  undergoing  bronchial  lavage  via  transnasal  fiber- 
optic bronchoscopy  to  obtain  cells  and  protein  components  from  the  lower 
respiratory  tract. 
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1.  LCI 

2.  Clinical  Immunology  Section 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  Jxine  30,  197^* 

Project  Title:   Human  Responses  to  Salmonella  typhosa  Vi  Antigen 
(Clinical  Research  #73-1-01) 
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Principal  Investigator:   Dr.  Herbert  Y.  Reynolds 
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Project  Description: 

To  test  safety  and  immunogenicity  of  Salmonella  typhosa  Vi  antigen  in 
human  volunteers.  Typhoid  vaccines  in  present  use  are  quite  reactive,  pro- 
ducing local  and  systemic  toxicity  after  injection,  and  do  not  provide 
complete  protection  against  the  disease.   Typhoid  vaccine  trials  comparing 
an  acetone-inactivated  dried  vaccine  with  a  heat-  and  phenol-killed  vaccine 
demonstrated  better  protection  with  the  acetone-treated  preparation.   This 
has  been  attributed  to  the  destruction  of  Vi  antigen  by  the  heat-phenol 
process.  Vi  antigen  prepared  from  citrobacter  organisms  shares  antigenic 
determinants  with  S^.  typhosa  Vi.   Such  a  citrobacter  Vi  was  used  in  human 
challenge  studies.   Protection  was  less  than  that  seen  with  whole  cell 
vaccine,  but  some  protection  occurred.  For  this  reason,  a  Vi  preparation 
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from  S.  typhosa  has  been  prepared  (Vi-Tyg)  by  a  mild  precipitation  procedure. 
This  preparation  contains  3.5^  endotoxin,  and  at  a  50  yg  human  dose  is 
23-fold  less  toxic  than  a  hiimnn  dose  of  conventional  vaccine,  as  tested  in 
the  actinomycin-D  mouse  endotoxin  assay  model.  Protective  potency  in  the 
mouse  challenge  model  is  approximately  l6  times  that  of  conventional  vaccine, 
comparing  them  at  doses  relative  to  a  human  dose,  and  116   times  more  potent 
than  the  Vi  preparation  used  in  the  human  challenge  studies.   In  addition, 
the  Vi-Ty2  is  approximately  three  times  more  active  in  stimulating  the 
in  vitro  thymidine  uptake  by  mouse  spleen  lymphocytes  than  a  citrobacter 
Vi  preparation  or  than  the  conventional  vaccine.  Using  the  standard  assays 
prescribed  by  Federal  Regulations  for  licensed  products,  it  is  safe  and 
non-toxic  in  guinea  pigs  and  mice  in  toxicity  assays,  and  is  sterile. 

Human  studies  to  determine  reactivity  and  immunogenicity  in  comparison 
with  an  acetone-killed  and  dried  conventional  typhoid  vaccine  (lot  6A, 
Bureau  of  Biologies  reference  standard)  are  underway.   Data  relative  to  the 
Vi-Ty2  preparation  was  filed  with  the  Bureau  of  Biologies  for  IND  review 
prior  to  initiation  of  hiiman  studies.   The  vaccine  preparation  from  which 
the  6A  lots  were  derived  has  been  used  safely  in  humans  in  the  past,  and 
the  6A  lots  have  passed  standard  safety  and  sterility  tests. 
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Methods  Employed: 


Healthy  normal  subjects  without  history  of  previous  typhoid  immtmization 
will  be  utilized.   Blood  samples  (250-300  ml  total  for  entire  protocol 
will  be  obtained  for  assay  of  antibody  and  cellular  immunity  prior  to  and 
at  intervals  following  immunization  over  a  6-week  period,  and,  where  possible, 
3-6  months  later.   Antigen  will  be  injected  intramuscularly  following  the 
drmwing  of  a  blood  sample  at  0  and  h   weeks .   Observation  of  the  volunteer 
will  be  carried  out  after  each  injection.   This  will  include  recording  of 
vital  signs  four  times  daily  for  at  least  3  days,  and  questioning  of  the 
patient  for  symptoms  of  systemic  toxicity,  including  fatigue,  anorexia, 
malaise,  headache,  and  myalgia  for  at  least  3  days. 

Volunteers  will  be  alternatively  assigned  to  two  groups.   Five  volunteers 
in  the  first  group  will  receive  25  Pg  of  Vi-Ty2  in  phospate  buffered  saline. 
Five  volunteers  in  the  second  group  will  receive  0. 5  nil  of  conventional 
acetone  typhoid  vaccine  (type  6A  Bureau  of  Biologies  reference  standard 
vaccine).  At  least  one  week  later,  a  second  five  vol-unteers  in  the  first 
group  will  receive  50  yg  of  Vi-Tyg,  and  at  least  one  week  later  a  third 
group  of  five  volunteers  will  receive  100  yg.   A  booster  of  their  original 
dose  will  be  given  to  all  voliinteers  at  1  month  if  no  tmtoward  reactively 
is  noted. 

All  blood  specimens  will  be  analyzed  for  bactericidal  and  hemagglutin- 
ating  antibody  titers  to  S_.  typhosa.  Lymphocytes  will  be  separated  from 
selected  specimens  and  examined  by  MIF  and  thymidine  uptake  techniques  for 
reactivity  to  typhoid  antigens. 

In  addition  to  these  studies,  salivary  and  parotid  secretions  (Kirby 
cup)  will  be  collected  from  selected  volunteers  at  various  times  during  the 
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course  of  the  study,  and  examined  for  secretory  antibody.  Also,  intradermal 
injections  of  no  more  than  three  different  dilutions  of  the  Vi  antigen 
(l  yg  or  less)  or  the  whole  cell  vaccine  will  he  performed  2  days  prior  to 
the  initial  immunization,  and  one  week  following  the  second  injection,  to 
assess  early  and  delayed  skin  hypersensitivity.  A  skin  test  of  the  appropri- 
ate diluent  will  be  done  concomitantly,  for  comparative  purposes. 

Major  Findings: 

Phase  I  studies  have  been  completed  and  included  the  primary  immunization 
of  three  groups  of  normal  vol\inteers  (groups  of  5)  with  various  doses  of 
the  Vi-Tyg  vaccine:  25  Vg,  50  Ug  and  100  Vig.   Booster  injections  were  also 
given.   In  addition,  controls  were  immunized  with  the  conventional  6A 
typhoid  vaccine.   It  was  f ound  .that  the  50  Pg  dose  of  Vi-Ty2  gave  good 
hemagglutinating  antibody  titers  yet  produced  minimal,  and  very  acceptable 
and  tolerable,  local  side  reactions  at  the  injection  site.   Convincing 
evidence  of  developing  cellular  immunity,  assessed  by  skin  test  reactivity 
and  peripheral  blood  lymphocyte  lymphokine  release  (migration  inhibition 
factor  effect  on  guinea  pig  peritoneal  macrophage  mobility)  was  not  found. 
To  confirm  the  effect  and  response  of  the  50  yg  Vi-Ty2  dose,  ten  additional 
volunteers  were  immtmized  with  this  dose  and  good  antibody  titers  were 
recorded.   The  data  from  these  studies  is  being  compiled. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Hopefully,  an  improved  vaccine  to  protect  against  typhoid  fever  will  be 
found. 

As  the  Vi-Ty2  preparation  is  substantially  reduced  in  toxicity  from  con- 
ventional typhoid  vaccine,  markedly  reduced  local  and  systemic  reactions  can 
be  expected.   Animal  work  would  indicate  that  this  new  vaccine  has  good 
immunogenicity  so  that  antibody  response  and  possibly  cellular  immunity  will 
be  good. 

Proposed  Course 

1.  Further  purification  of  the  Vi-Tyg  antigen  is  being  done  to  reduce 
the  side  reactivity  of  the  vaccine  (by  better  removal  of  endotoxin)  yet 
hopefully  not  to  impair  the  vaccine's  antigenicity.  Further  volunteer 
immunization  with  this  new  Vi-Ty2  preparation  will  be  undertaken. 

2.  Field  trials  with  the  vaccine  may  be  undertaken. 


Honors  and  Awards : 


None 


Publications; 


None 
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Project  Description: 
Objectives: 

A  variety  of  gram  negative  bacteria  are  pathogens  for  patients  with 
impaired  host  imm\inity  due  to  hematological  malignancies  or  immunosuppressive 
therapy  for  various  neoplastic  or  other  systemic  diseases.   Pseudomonas 
aeruginosa  colonization  of  the  respiratory  tract  and  subsequent  pneumonia  is 
particularly  troublesome  because  the  patient's  response  to  antibiotics  often 
is  not  dramatic  and  the  microorganisms  may  not  be  eradicated.  For  example, 
pulmonary  infections  in  children  with  cystic  fibrosis  are  difficult  to  cure 
because  antibiotics  such  as  carbenicillin  and  gentamicin  do  not  diffuse  into 
bronchial  secretions  in  sufficient  concentrations  to  achieve  inhibitory  levels 
against  the  Pseudomonas  organisms  (Marks  et  al,  J.  Pediat.  7^:  822,  1971). 
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Therefore,  within  the  scope  of  a  larger  project  to  investigate  pulmonary 
host  defenses  (Serial  #NIAID-ii8(c) ) ,  we  were  interested  to  study  the 
penetration  of  antibiotics  into  the  liing  and  respiratory  secretions  and  to 
observe  the  clearance  of  antibiotics  from  these  secretions.   An  animal  model 
was  designed  to  study  the  kinetics  of  antibiotics  in  normal  respiratory 
secretions.   These  studies  are  to  be  extended  to  patients  where  possible. 
Initially,  antibiotics  used  specifically  for  Psuedomonas  infections  were 
evaluated. 


Methods  Employed: 

Anesthetized  and  intubated  dogs  are  used;  blood  (senjm)  and  bronchial 
secretion  samples  are  sim\iltaneously  obtained  following  administration  of  a 
variety  of  antibiotics  which  has  included:   penicillin  G,  ampicillin, 
getamicin,  carbenicillin,  tobramj-'cin  and  5-fluorocytosine.  Antibiotic 
concentrations  are  measured  using  a  cup  plate  agar  method  (Bennett  et  al. 
Applied  Microbiol.  lU_:  170,  I966).   Bronchial  secretions  are  also  analyzed 
for  protein  content  and  quanitatively  for  albumin  and  various  classes  of 
immxinoglobulins  (Reynolds  and  Johnson,  J.  Immunol.  105:  69B,  1970 ) . 


Major  Findings: 

Following  injection  of  maximal  doses  of  gentamicin  or  carbenicillin, 
levels  in  normal  bronchial  secretions  were  obtained  that  would  inhibit  about 
63^  and  k3%,   respectively,  of  1500  Pseudomonas  aeruginosa  isolates  for  which 
the  mean  inhibitory  concentrations  (MIC)  were  known.   Tobramycin  concen- 
trations Jn  bronchial  fluids  were  equal  to  the  MIC's  reported  for  about 
70^  of  Pseudomonas  isolates.   In  contrast,  penicillin  G,  which  has  demon- 
strated efficacy  for  such  lung  infections  as  pneimococcal   pneumonia,  was 
found  to  achieve  levels  hO   X  the  MIC's  of  over  99^  of  pneximococci   isolated 
at  NIH.   The  particulars  of  the  canine  model  were  also  detailed  in  hopes 
that  this  might  become  an  acceptable  in_  vivo  model  for  studying  respiratory 
antibiotic  clearances.   Of  note  is  that  clearance  of  antibiotics  from  the 
lungs  is  appreciably  slower  than  from  ser\mi  which  raises  possibilities  for 
increasing  the  effective  concentration  of  antibiotics  in  the  respiratory 
tract. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Antibiotic  treatment  for  certain  kinds  of  bacterial  pneumonia  produces 
variable  rates  of  cure  and  often  seems  to  be  ineffective  in  specific  in- 
fections such  as  Pseudomonas  pneumonia  where  the  mortality  rate  in  most 
clinical  series  approaches  Q0%.      A  factor  of  importance  is  that  antibiotics 
as  currently  administered  may  not  reach  sufficient  concentrations  in  the 
l\ing  or  bronchial  secretions  to  inhibit  growth  of  the  infecting  micro- 
organisms. Methods  to  increase  the  effective  level  of  antibiotics  in  the 
bronchial  tract,  such  as  direct  instillation  by  aerosol  or  combinations  of 
parenteral  and  aerosol  administration,  should  be  investigated. 
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Information  about  the  clearance  of  antibiotics  from  the  respiratory- 
secretions  is  sparse  compared  with  similar  data  about  renal  or  hepatic  clear- 
ance and  excretion.   The  dog  model  used  in  this  project  may  be  useful  for 
these  studies. 

Proposed  Course: 

1.  Additional  antibiotics  will  be  examined  in  the  dog  model  such  as 
those  used  in  the  treatment  of  chronic  bronchitis  (Ampicillin,  tetracycline 
and  trimethoprin  and  s\ilfa)   and  fiongal  disease  (5-FC). 

2.  AntiPseudomonas  antibiotics  will  be  measured  in  respiratory- 
secretions  of  immunosuppressed  dogs  -with  experimentally  induced  Pseudomonas 
pne\jmonia. 

3.  Confirmation  of  antibiotic  clearance  in  respiratory  secretions  will 
be  attempted  in  suitable  patients  with  tracheostomies. 

Honors  and  Awards :   None 

Publications: 
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1.  Pennington,  J.  E.  and  Reynolds,  H.  Y.:   Concentrations  of  gentamicin 
and  carbenicillin  in  bronchial  secretions.   J.  Infect.  Pi 3.128:63-68,  19T3. 

2.  Pennington,  J.E=  and  Reynolds,  H.  Y.:   Tobramycin  in  bronchial  secretions, 
Antimicrob.  Agents  Chemother.  U: 299-301,  1973. 
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Project  Description: 
Objectives: 

1)  To  define  the  biologic,  immunologic  and  epidemiologic  properties 
of  the  etiologic  agents  (viruses)  of  acute  infectious  nonb?,cterial 
gastroenteritis . 

2)  To  develop  iji  vitro  culture  systems  and/or  laboratory  animal 
models  with  which  to  study  these  agents. 
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3)  To  investigate  the  pathogenesis  of  and  host  response  to  infection 
with  these  agents  in  man,  by  the  experimental  induction  of  disease  in  normal 
volunteers. 

k)     To  examine  the  possible  role  of  these  agents  in  chronic  gastrointes- 
tinal diseases  of  unknown  etiology. 

5)  To  devise  control  measures  based  on  the  above  information. 

Methods  Employed: 

1)  Source  of  Viral  Agents.   Seven  viral  agents  have  been  obtained  from 
naturally  occurring  outbreaks  of  acute  infectious  nonbacterial  gastroenteritis 
(AINBG).   These  agents,  present  in  diarrheal  stools  of  acutely  ill  cases,  are 
maintained  as  infectious  stool' filtrate  suspensions,  which  can  be  examined  in" 
the  laboratory  or  can  be  employed  to  infect  susceptible  volionteers. 

2)  In  Vitro  culture  systems :   The  above  viruses  have  not  been  detected 
in  standard  tissue  culture  systems  despite  extensive  searches,  employing  direct 
and  indirect  methods  of  virus  identification.   Replication  of  these  viruses  has 
been  demonstrated  in  a  recently  developed  system,  human  fetal  intestinal  organ 
cultures,  by  infecting  volunteers  with  blind  passaged  material.   Therefore, 
particular  emphasis  is  being  placed  on  in_  vitro  detection  of  these  agents  in 
organ  culture,  employing  light,  fluorescence  and  election  microscopy,  viral 
interference,  metabolic  alterations,  and  enzyme  production. 

3)  Volunteer  studies  in  man.   After  rigorous  safety  tests,  normal  vol- 
unteers are  infected  via  oral  administration  of  these  viruses.   The  inocula 
undergo  certain  physical  treatments  (e.g.,  ether  treatment,  isopycnic  centri- 
fugation)  to  define  biophysical  properties  of  the  infectious  agents.   In  addi- 
tion, the  host  response  is  studied  by  obtaining  blood  and  stool  samples,  res- 
piratory washings,  per-oral  jejunal  biopsies  and  secretions,  sigmoidoscopic 
examinations  and  rectal  biopsies.   Peripheral  blood  lymphocyte  cultures  are 
established  to  investigate  the  role  of  cell  mediated  immunity  in  disease. 
Biopsy  specimens,  as  well  as  organ  cultures  established  from  those  specimens, 
are  examined  for  ultrastructural  changes,  immunoglobulin  production,  and  en- 
zyme synthesis. 

k )   Immune  electron  microscopy:   Stool  filtrates  or  other  virus  contain- 
ing fluids  are  reacted  with  convalescent  sera  containing  antibodies  to  the 
virus.   The  virus  antibody  complex  is  centrifiiged  onto  a  grid  and  examined  by 
negative  staining  under  the  electron  microscope.   The  aggregatad  virus  can  thus 
be  identified  and  its  properties  further  defined.   Conversely,  employing  fil- 
trates with  known  amoimts  of  virus,  antibodies  can  be  detected  in  serum  and 
secretions . 
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Major  Findings: 

l)   Antigenic  relationships  among  the  viruses  of  AINBG:   viral  agents 
from  two  distinct  outbreaks  of  AINBG  (Honolulu  -  "H"  agent,  and  Montgomery, 
County  -  "MC"  agent)  were  compared  with  the  Norwalk  agent  for  antigenic  re- 
latedness.   Three  of  six  volunteers  previously  ill  with  Norwalk  disease, 
demonstrated  illness  after  infection  with  H  virus;  while  none  of  8  voliinteers 
previously  ill  with  Norwalk  disease  manifested  illness  after  inoculation  with 
the  MC  virus.   Following  infection  with  the  Hawaii  virus,  2  of  3  volunteers 
became  ill  with  Norwalk  virus,  and  none  of  k   became  ill  with  Montgomery  virus. 
These  studies  suggested  that  Norwalk  and  Hawaii  agents  were  antigenically 
dissimilar,  while  Norwalk  and  MC  agents  appear  to  be  related.   Further  studies 
are  planned  to  investigate  the  relationship  of  H  to  MC  virus. 
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Assessment  of  serum  antibody  by  immune  electron  microscopy  showed  cross 
reactions  in  Norwalk  and  MC  disease,  but  no  cross  rea.ction  in  between  Norwalk 
and  H  convalescent  sera. 

2)   Intestinal  Histopathology :  Since  July  15,  1973,  per  oral  jejunal 
biopsies  were  obtained  on  12  volunteers,  before,  72  hrs  after,  and  two  weeks 
following  oral  adminisfration  of  Norwalk  (U)  or  Hawaii  agent  (8).   Light  and 
electron  microscopic  histopathology  was  limited  to  those  volunteers  who  became 
ill  (7)-   With  the  Hawaii  ■virus,  the  mucosa  remained  intact,  with  blunted  villi 
and  mild  mononuclear  infiltration  in  the  lamina  propria.   Epithelial  cells 
showed  mild  vacuolization,  but  had  markedly  shortened  and  distorted  microvilli. 
Thus,  the  histopathological  changes  were  similar  but  not  identical  to  that 
described  previously  for  the  Norwalk  agent  (Agus,  Dolin).   This  suggests  that 
this  basic  lesion  may  be  a  general  feature  of  infection  with  viruses  of  AINBG, 
with  some  limited  strain  or  type  variation. 


Biopsies  were  also  examined  for  fluoride  stim\ilatable  adenyl  cyclase 
activity    (Levy,  Klaevemann).   However,  only  one  of  seven  ill  volunteers 
showed  a  significant  change  in  activity  during  illness.   Human  fetal  intesti- 
nal organ  cultures  infected  with  Norwalk  and  Hawaii  agents  also  failed  to 
show  consistent  adenyl  cyclase  changes. 

Normal  sigmoidoscopies  and  rectal  biopsies,  along  with  the  absence  of 
fecal  leukocytes  in  Norwalk  and  Hawaii-induced  disease  suggested  that  intesti- 
nal infection  with  these  agents  was  limited  to  the  small  intestine  and  spared 
the  colon. 

3)   Humoral,  secretory  and  cell  mediated  immunity  to  Norwalk  agent  and 
Hawaii  agents.   Employing  immune  electron  microscopic  (lEM)  aggregation  as 
an  assay,  less  than  10^  of  normal  volunteers  examined  had  0-2+  detectable 
serum  antibody,  while  greater  than  90^  had  conversion  to  3+  or  greater  after 
illness.   Since  the  frequency  of  illness  in  sero  "negative"  volunteers  was 
approximately  50%,   other  factors  in  host  resistance  to  infection  were  inves- 
tigated.  The  role  of  local  antibody  was  begun  to  be  studied  by  column  and 
sucrose  gradient  separation  of  immunoglobulin  from  intestinal  secretions. 
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stool  extracts,  and  intestinal  biopsy  organ  culture  explants. 
globulins  will  be  tested  in  lEM  for  antibody  activity. 


These  immuno- 


Cell  mediated  immunity  was  investigated  by  thymidine  incorporation  of 
PHA  stimulated  peripheral  lymphocyte  cultures  from  volunteers  prior  to, during, 
and  5-1^  days  after  Norwalk  and  Hawaii  induced  illness.   6  of  9  volunteers 
demonstrated  a  2.5-13  fold  suppression  of  PHA  response  during  acute  illness 
(mean  h.j)   while  8  of  9  volunteers  who  remained  well  following  inoculation 
demonstrated  1.5  fold  suppression  or  less  (mean  .9^).   Peripheral  lymphocyte 
counts  were  similar  in  both  groups.   Incubation  of  lymphocytes  with  purified 
viral  preparations  are  ciu'rently  being  evaluated. 
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Current  studies  are  also  under  way  to  examine  possible  serum  factors 
responsible  for  this  suppression,  as  well  as  the  ratios  of  B  to  T  lymphocytes 
in  peripheral  blood  during  the  infection. 

h)      Further  characterization  of  Norwalk  Agent.   Previous  studies  had 
indicated  that  the  characteristics  of  the  Norwalk  virus  most  closely  re- 
sembled those  of  a  parvovirus  (Dolin).   The  particle  visualized  by  lEM  had  a 
buoyant  density  in  cesiiom  of  l.UOgm/cc  consistent  with  that  of  a  parvovirus 
(Gerin).   In  an  attempt  to  further  establish  that  this  particle  was  indeed 
the  infectious  agent,  stool  filtrates  were  treated  with  genetron  113,  and 
banded  in  potassiiom  tartrate.   Fractions  of  the  band  in  density  ranges  of 
(a)  1.5  to  l.Ulgm/cc,  (b)  1. 3T-1.28  gm/cc   (c)  1.23  -  to  1.0  gm/cc  were 
prepared  and  administered  to  volunteers  after  dilution  to  their  original 
volume.   Despite  the  fact  that  the  vast  majority  of  particle  was  present  in 
fraction  "b" (by  lEM) ,  disease  was  produced  by  light,  middle  and  heavy  frac- 
tions in  all  experiments,  suggesting  that  incomplete  separation  had  occvurred. 
However,  clearly  more  severe  disease  occurred  with  the  light  fraction  than 
with  the  others.   F\irthermore ,  a  10"-^  dilution  of  the  light  fraction  caused 
more  severe  illness  than  a  10"  dilution,  suggesting  that  an  inhibitor  may 
have  been  diluted  out.   This  light  fraction  is  now  under  intensive  investiga- 
tion in  organ  and  tissue  culture. 

5)  Possible  visualization  of  particle  etiologically  associated 
with  Hawaii  ("H")  agent.   By  use  of  the  same  lEM  techniques  previously 
applied  to  the  Norwalk  agent,  a  viral  particle  was  recently  visualized  in  the 
stool  of  a  volunteer  who  received  Hawaii  inoculum  (Wyatt ,  Thornhill).   Pre- 
liminary studies  are  consistent  with  antibody  rises  in  sera  from  the  original 
outbreak,  and  from  subsequent  volunteer  studies.   This  finding  represents 
the  second  such  viral  particle  visualized  from  our  seven  infectious  inocula 
(Norwalk  virus,  being  the  first),  and  holds  promise  for  futxare  characteriza- 
tion of  the  H  agent. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Acute  infectious  nonbacterial  gastroenteritis  is  a  common  disease  which 
affects  all  age  groups  of  a  broad  segment  of  the  population.   It  is  estimated 
to  be  the  second  most  common  disease  experience  in  the  United  States  in  a  ten 
year  family  study.   Identification  and  characterization  of  etiologic  agents, 
as  well  as  studies  of  the  pathogenesis  of  this  disease  in  man,  are  first  steps 
toward  the  ultimate  goals  of  prevention  and  therapy.   The  newly  developed 
techniques  of  immune  electron  microscopy  and  fetal  intestinal  organ  cultures , 
as  well  as  volunteer  experiments,  should  continue  to  provide  valuable  data. 


Proposed  Course: 

Intensive  studies 
tinue.   Emphasis  will  be 
ment  of  rapid,  sensitive 
in  vitro  in  organ  and  tis 
man  will  be  further  inves 
and  systemic  antibodies. 
The  possible  role  of  thes 
tropical  sprue,  regional 

Honors  and  Awards :   NONE 

Publications : 


of  the  agents  of  AINBG  cixrrently  available  will  con- 
placed  on  biophysical  purification  and  the  develop-' 
serologic  assays.   Efforts  to  propagate  the  agents 
sue  cultures  will  continue.   The  host  response  in 
tigated  with  particular  emphasis  on  the  role  of  local 
interferon  production,  and  cell  mediated  immunity. 
e  viruses  in  gastrointestinal  diseases  such  as 
enteritis  and  ulcerative  colitis  will  be  investigated. 


Buscho,  R.  F. ,  Wyatt,  R.  G. ,  Dolin,  R.,  Blacklow,  N.  R. ,  DuPont ,  H.  and 
Chanock,  R.  M. :   Recurrent  outbreaks  of  acute  infectious  nonbacterial 
gastroenteritis.   Am.  J.  Epidemio.  98:  192-198,  1973- 
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Wyatt,  R.  G.,  Kalica,  A.  R.,  and  Dolin,  R.:   Ultrastructural  study  of 
viral  replication  in  human  fetal  intestinal  organ  culture.   Archiv. 
Vi rus f or s Chung.   UO:  3^1-3^9,  1973- 

Agus,  S.  G. ,  Dolin,  R.,  Wyatt,  R.  G. ,  Tousimis,  A.  J.  and  Northrup,  R.  S. : 
Acute  infectious  nonbacterial  gastroenteritis:   intestinal  hlstopathology. 
Histologic  and  enzymatic  alterations  during  illness  produced  by  the 
Norwalk  agent  in  man.   Ann.  Int.  Med.  79:  l8-25,  1973. 


k.      Agus,  S.  G. ,  Falchuk,  M. ,  Sessoms,  C.,  Wyatt,  R.  G. ,  and  Dolin,  R. : 
Increased  jejunal  IgA  synthesis  in_  vitro  diiring  acute  infectious  non- 
bacterial gastroenteritis.   Am.  J.  Digest.  Pis.  19:  127-131,  197'+. 

5.   Wyatt,  R.  G.,  Dolin,  R.  ,  Blacklow,  N.  R. ,  DuPont,  H.  L. ,  Buscho,  R.  F. , 
Thornhill,  T.  S. ,  Kapikian,  A.  Z.,  and  Chanock,  R.  M. :   Comparison  of 
three  agents  of  acute  infectious  nonbacterial  gastroenteritis  by  cross- 
challenge  in  volunteers.   J.  Infect.  Dis.   In  press. 
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Project  Description: 

Objectives: 

l)   To  delineate  the  precise  mechanisms  whereby  immunosuppressive  agents 
such  as  cytotoxic  drugs  and  corticosteroids  affect  the  immune  response  in  man 
and  in  experimental  animals,  specifically  looking  at  in  vivo  and  in  vitro 
function  of  the  monocyte  and  subpopulations  of  lymphocytes. 
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2)  To  separate  and  prepare  purified  subpopulations  of  lymphocytes  in  man 
and  animals  in  order  to  more  accurately  define  their  functional  capacity  and 
to  study  their  role  in  such  disease  states  as  hypersensitivity  vasculitis, 
granuloma  formation,  tumor   and  graft  rejection,  and  the  graft-versus-host 
reaction.   In  particular,  to  characterize  the  sensitivity  of  these  subpopula- 
tions to  various  immunosuppressive  agents. 

3)  To  study  the  mechanisms  whereby  altered  states  of  immunity  as  des- 
cribed above  affect  host  mechanisms  against  infections.   Specifically,  to 
develop  an  animal  model  of  disseminated  fungemia  and  bacteremia  in  a  steroid- 
resistent  species  such  as  the  guinea  pig  which  is  similar  to  man  in  its  rela- 
tive resistence  to  the  lymphopenic  effects  of  corticosteroids,  and  to  use  this 
model  to  characterize  the  cell  populations  which  are  specifically  suppressed 
in  states  of  altered  immunity  associated  with  disseminated  infections. 

Methods  Employed: 

1)  A  significant  proportion  of  the  methodology  is  centered  around  the 
in  vitro  culturing  of  lymphoid  cells  to  determine  their  functional  capabili- 
ties.  The  effects  of  in  vivo  chemotherapeutic  agents  as  well  as  the  effects 
of  disease-related  altered  states  of  immunity  can  thus  be  monitored  and  ex- 
plored. 

2)  Administering  corticosteroids  to  normal  volunteers  and  patients  re- 
quiring this  drug  and  measuring  the  specific  effects  on  monocytes  and  lympho- 
cyte subpopulations.  — ^ 

3)  Labeling  a  subject's  lymphoid  cells  with   chromiiom  and  reinfusing 
the  cells  back  into  their  circulation  to  determine  the  effects  of  disease 
states  and  of  chemotherapeutic  agents  on  circulation  patterns  and  viability 
of  these  cells. 


k)      Identifying  subpopulations  of  lymphoid  cells  by  their  s\irface  markers 
and  determining  the  change  in  relative  proportions  of  such  cells  in  disease 
states  and  during  chemotherapy.   Identifying  specific  lymphocyte  subpopula- 
tions as  the  cell  type  involved  in  lymphocyte-mediated  disease  in  man  and  in 
experimentally-induced  disorders  in  animals. 

5)  Determining  the  immunocompetence  of  bone  marrow  lymphocytes  and  the 
redistribution  of  immunocompetent  cells  which  is  associated  with  corticos- 
teroid administration  in  man  and  guinea  pigs. 

6)  Producing  altered  states  of  immunity  in  experimental  animals  by  x- 
irradiation,  surgical  removal  of  lymphoid  organs,  or  administration  of  immuno- 
suppressive agents  in  order  to  determine  precisely  the  requirement  of  certain 
factors  in  the  immune  response  necessary  for  host  defense  and  immunological 
surveillance. 
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Ma.jor  Findings  and  Significance  to  Biomedical  Research  and  the  Program  of  the 
Institute: 

l)   A  group  of  patients  with  Wegener's  granulomatosis  (a  disease  char- 
acterized by  granulomatous  vasculitis  involving  the  respiratory  tract  and 
kidneys)  axe  being  studied.   Untreated,  the  disease  is  rapidly  fatal.   We 
are  ciorrently  follovring  the  largest  single  group  of  such  patients  in  the 
world.   The  disease  serves  as  an  excellent  model  of  a  hypersensitivity  state. 
In  addition  to  effecting  long  term  remissions  and  even  cures  in  this  formerly 
fatal  disease  by  the  use  of  cytotoxic  agents  (cyclophosphamide),  we  were  able 
to  clearly  demonstrate  that  on  our  therapeutic  protocol  there  was  suppression 
of  particular  aspects  of  the  immune  response  (immunoglobulin  levels,  newly 
induced  delayed  hypersensitivity)  with  sparing  of  other  aspects  (established 
delayed  hypersensitivity,  in  vitro  blastogenic  response  to  mitogens,  and 
relative  proportions  of  subpopulations  of  lymphocytes).   We  were  able  to  de- 
fine for  the  first  time  in  human  studies  that  cyclophosphamide  is  more  speci- 
fically directed  against  B  rather  than  T  lymphocytes.   This  degree  of  immuno- 
suppression was  correlated  with  clinical  remission  of  disease  and  was  not 
associated  with  an  increased  incidence  of  infection. 


2)  Corticosteroids  were  adminstered  to  normal  volunteers  in  order  to 
determine  the  precise  effects  upon  the  immune  response.   These  agents  were 
found:   a)  to  cause  a  profound  but  transient  decrease  in  lymphocyte  and 
monocyte  counts,  b)  to  cause  a  change  in  the  relative  proportion  of  lymphocyte 
subpopulations  in  the  circulation,  and  c)  to  cause  a  differential  and  selec- 
tive depression  of  certain  lymphoid  cell  functions  as  measured  by  in_  vitro 
stimulation.   This  is  the  first  time  that  such  effects  have  been  clearly 
demonstrated  in  humans. 

In  addition,  by  reinfusing  Cr-labelled  autologous  lymphocytes  into 
patients  and  nonnal  volunteers,  we  were  able  to  demonstrate  that  the  specific 
lymphocyte  subpopulation  affected  by  corticosteroid  administration  is  the 
long-lived  recirculating  lymphocyte.  We  found  that  lymphocytopenia  occurs 
following  corticosteroid  administration  not  as  a  result  of  destruction  of 
cells,  but  by  a  redistribution  of  lymphocytes  out  of  the  circulation  into 
other  body  compartments . 

3)  In  studies  involving  a  large  group  of  patients  on  alternate-day 
corticosteroid  therapy,  we  demonstrated  the  specific  immunosuppressive  effects 
of  this  regimen  at  the  cellular  level  and  characterized  the  dichotomy  between 
suppression  of  inflammatory  disease  activity  and  preservation  of  normal  host 
defense. 

h)      In  guinea  pigs,  we  were  able  to  characterize  the  specific  subpopula- 
tions affected  and  the  mechanisms  of  the  effect  of  corticosteroid-induced 
lymphocytopenia.   This  is  particularly  relevant  in  light  of  the  growing  body 
of  infonnation  linking  different  lymphocyte  subpopulations  with  specific 
diseases. 
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5)   We  were  able  to  establish  a  guinea  pig  model  of  disseminated  candi- 
diasis and  subsequently  we  demonstrated  the  relative  efficacy  of  alternate- 
day  corticosteroid  therapy  versus  daily  corticosteroid  therapy  in  the  pre- 
servation of  host  defense  against  infection. 
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Project  Description: 

Patients  and  animal  studies  are  conducted  to  investigate  the  regulation 
of  granulocytopoiesis  and  the  role  of  granulocytes  in  inflammation  and  defense 
against  infection. 

Objectives : 

Hioman  Studies: 

1.  To  study  the  factors  regulating  the  blood  granulocyte  count  of  normal 
individuals  and  patients  with  infectious,  inflammatory,  immunologic,  and 
hematologic  diseases. 

2.  To  determine  the  pathophysiologic  mechanisms  of  chronic  and  cyclic 
neutropenia. 

3.  To  investigate  the  mechanisms  of  the  hypereosinophilic  syndrome.   To 
study  the  role  of  eosinophils  in  causing  the  peculiar  tissue  injury  seen  in 
this  disorder. 

h.      To  assess  the  effects  of  immunosuppressive  agents  on  granulocyte 
physiology.   To  better  define  the  factors  of  increased  host  susceptibility 
to  infection  caused  by  these  agents  and  better  understand  the  basic  mechanisms 
of  immunosuppression. 

S.   To  clinically  evaluate  patients  with  prolonged  unexplained  fever  to 
delineate  new  inflammatory  diseases  and  host  defense  abnormalities. 
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Animal  Studies: 


1.  To  define  the  mechanisms  of  cyclic  hematopoiesis  in  grey  collie  dogs. 
To  explore  in  these  animals  methods  for  altering  cyclic  neutropenia  which  may 
he  applicahle  to  the  similar  human  disorder. 

2.  To  study  the  treatment  of  experimental  pneiomonia  in  leukopenic  dogs. 
To  evaluate  the  relationship  of  the  blood  granulocyte  count  to  susceptibility 
to  infection  and  the  use  of  granulocyte  transfusion  therapy. 

Methods  Employed: 

Granulocyte  counts  are  measured  for  long  periods  to  diagnose  and  investi- 
gate cyclic  neutropenia  and  other  disorders  of  neutrophil  production. 

To  blood  granulocyte  count  is  measured  after  administration  of  etio- 
cholanolone,  endotoxin,  Cortisol  and  prednisone  to  evaluate  the  bone  marrow 
granulocyte  reserve. 

The  blood  granulocyte  pool  sizes,  distribution  and  turnover  rates  are 
measured  by  radioisotopic  labeling  studies  employing  DF^Sp  and  -^  Cr. 
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In  vivo  studies  of  leukocyte  chemotaxis  are  measured  by  the  skin  window 
technique . 


Major  Findings:  ^ 

1)  Cyclic  hematopoiesis  in  man  and  in  dogs  is  accompanied  by  cyclic 
fluctuation  of  erythropoetin  and  colony  stimulating  factor.   Bacteriocidal 
function  of  neutrophils  in  canine  cyclic  neutropenia  is  defective.   Cyclic 
neutropenia  in  dogs  can  be  cured  by  bone  marrow  transplantation. 

2)  Granulocyte  transfusion  therapy  is  effective  treatment  of  experi- 
mental Pseudcmonas  penumonia  in  levikopenic  dogs.   Transfusions  prolong  sur- 
vival, improve  clearance  of  bacteria  from  the  infected  lung  and  prevent 
endotoxemia  as  measured  by  the  limulus  test .   Granulocytes  procured  by  the 
cell  centrifuge  or  filter  adherence  are  both  effective. 

3)  Alternate-day  prednisone  therapy  is  accompanied  by  no  apparent  pre- 
disposition to  infections.   With  this  therapy  studies  of  granulocyte  kinetics 
indicate  that  the  day  cff  prednisone  neutrophil  kinetics  are  normal.   The  day 
on  prednisone,  neutrophil  half-life  is  prolonged  proportional  to  the  pred- 
nisone dose.   The  cutaneous  inflammatory  response  is  reduced  by  daily  therapy 
but  not  be  alternate  day  therapy. 

h)      Etiocheolanolone  has  therapeutically  beneficial  effects  for  treatment 
of  the  refractory  anemia  of  myelofibrosis.   Encouraging  studies  of  its  use  in 
other  forms  of  hypoplastic  anemia  are  now  in  progress. 


93 


< 


rJll 


2 


•'.,  :'^';^Tt>,'i.  v'-*.v  yi'jY- 


y.. 


IK, 


Serial  No.  NIAID-55(c) 

5)  Prednisone  and  cortisone  have  been  compared  with  etiocholanolone  and 
endotoxin  for  experimental  production  of  leiikocytosis  in  man.   Cortisone 
appears  to  be  a  usefiil  agent  for  study  of  the  marrow  reserve  response. 

6)  Eosinophil  kinetic  studies  in  patients  with  idiopathic  eosinophilia 
indicate  that  eosinophils  are  a  recirculating  population  of  cells  with  dis- 
tinctly different  blood  kinetic  from  neutrophils.   Chronic  eosinophilia,  in 
the  absence  of  overt  signs  of  heart  disease,  is  accompanied  by  echocai'dio- 
graphic  changes  indicating  venticiilar  wall  thickening.   Except  for  adreno- 
corticosteroids  which  benefit  some  cases  of  hypereosinophilia,  there  is  no 
known  therapy  for  this  condition.   In  the  past  year,  one  patient  with  severe 
hypereosinophilia  has  been  dramatically  benefited  by  treatment  with  hydro- 
xylurea . 

7)  Following  injection  of  etiocholanolone,  a  leukocytosis-inducing  fac- 
tor can  be  measured  in  the  plasma  of  normal  subjects. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  studies  directly  relate  to  understanding  the  role  of  granulocytes 
in  resistance  to  infection. 

Proposed  Course: 

The  studies  will  be  largely  curtailed  since  the  Principal  Investigator 
is  leaving  NIH  in  August,  197^- 
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Project  Descript 

Lon: 

Objectives: 

1.  Determination  of  the  interrelationship  of  the  coagulation,  fibrino- 
lytic, kinin-generating,  and  complement  pathways  in  hxaman  plasma.   The  relevant 
proteins  will  be  pin-ified,  their  mechanism  of  activation  determined,  and  their 
role  in  the  various  enzymatic  pathways  described.  Vasoactive  peptides  or 
chemotactic  factors  released  as  a  consequence  of  activation  of  the  coagulation 
and  fibrinolytic  pathways  will  be  defined.   The  role  of  plasma  inhibitors  to 
control  each  of  these  pathways  will  be  determined. 

2.  Development  of  radioimmunoassays  or  radial  immunodiffusion  assays 
for  assessment  of  the  bradykinin  forming  pathway  in  human  plasma  focusing 
attention  upon  the  early  steps  of  the  intrinsic  coagulation  and  fibrinolytic 
pathways  with  which  it  is  intimately  associated. 
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3.   Determination  of  the  mechanism  of  interaction  of  the  chemotactic 
enzymes  kallikrein  and  plasminogen  activator  with  the  svirface  of  the  neutrophil 
and  monocyte. 

k.     To  identify  the  chemotactic  factors  which  are  generated  by  activa- 
tion of  the  Hageman  factor  dependent  pathways  in  human  plasma  or  serum. 

5.  To  improve  the  methodology  for  the  separation  of  prekallikrein  from 
plasminogen  proactivator ,  two  very  closely  associated  substrates  of  activated 
Hageman  factor  and  compare  the  mechanism  by  which  human  plasma  plasminogen 
activator  converts  plasminogen  to  plasmin  with  known  plasminogen  activators 
such  as  iirokinase  and  streptokinase. 

6.  Investigation  of  the  pathogenesis  of  cold  lirticaxia,  cholinergic 
urticaria,  and  chronic  ideopathic  urticaria  and  angioedema,  specifically  fo- 
cusing upon  identification  of  the  vasoactive  principle  which  causes  the  defect, 
identifying  any  immunologic  mechanism  which  may  play  a  role,  and  defining  the 
biochemical  pathway  which  is  activated  in  each  disorder.   Particxilar  attention 
is  given  to  any  role  played  by  IgE  antibody,  the  human  basophil  and  mast  cell, 
and  the  possibility  of  a  platelet  activating  factor  liberated  by  the  basophil 
causing  secondary  degranulation  of  platelets  with  its  attendant  seratonin 
release. 
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7.   Investigation  of  the  role  of  thymic-dependent  lymphocytes  in  initi- 
ating IgE  synthesis  and  subsequently  to  cause  IgE  synthesis  to  cease  (thymic 
suppressor  cells)  (in  collaboration  with  Drs.  Kirkpatrick  and  Ottesen).   An 
abnormality  in  the  latter  function  may  be  responsible  for  the  heightened  IgE 
response  characteristic  of  "atopic"  individuals  who  have  hay  fever  or  asthma. 
Any  soluble  mediator  released  from  the  T  cell  which  may  play  a  role  in  IgE 
suppression  will  be  isolated  and  characterized. 


< 


Methods  Employed: 

Purification  of  plasma  proteins  is  perfonned  utilizing  affinity  chroma- 
tography, ion  exchange  chromatography  on  Quarternary  aminoethyl  (QAE)  Sephadex 
and  Sulphopropyl  (SP)  Sephadex,  gel  filtration,  and  preparative  elution  from 
gels  after  isoelectric  focusing.   These  methods  have  been  applied  to  the  iso- 
lation of  unactivated  Hageman  factor,  Hageman  factor  prealbumin  fragments, 
pre-PTA  (coagulation  factor  XI),  prekallikrein,  plasminogen  proactivator, 
plasminogen  and  the  plasnia  inhibitors  a-^   antitrypsin,  09  macroglobulin ,  the 
inhibitor  of  the  activated  first  component  of  complement  (Cl  INH),  inter  a 
trypsin  inhibitor,  a^  chymotrypsin  inhibitor,  and  antithrombin  III.   Purity  is 
evaluated  by  alkaline  disc  gel  electrophoresis,  SDS  gel  electrophoresis,  and 
isoelectric  focusing. 

The  chemotactic  activity  generated  by  kaolin  activation  of  himian  serum 
or  plasma  is  assessed  utilizing  the  radioassay  described  by  Gallin  et_  al. 
(J.  Immunol.  110:  233,  1973).   Mononuclear  chemotaxis  was  performed  by  the 
Standard  Boyden  Chamber  assay  utilizing  partially  piirified  mononuclear  cells 
by  Hypaque-Ficoll  gradient.   Plasma  histamine  and  seratonin  levels  are  determined 
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by  the  radioenzyme  method.   Histamine  release  from  leucocytes  is  determined  by 
either  fluorometric  assay  or  radioenzyme  assay.   Plasma  bradykinin  and  IgE 
levels  are  determined  by  radioimmiinoassay. 

Major  Findings: 

1.   The  Hageman  factor  substrates  pre-PTA  have  been  isolated  free  of  any 
contaminating  proteins  by  sequential  chromatography  on  QAE  Sephadex,  SP  Sepha- 
dex,  Sephadex  G150  and  passage  over  an  anti-IgG  immtmoabsorbant .   It  was  fo\ind 
to  possess  a  molecular  weight  of  175,000  by  Sephadex  gel  filtration,  170,000  by 
SDS  gel  electrophoresis,  and  an  isoelectric  point  of  9.1-   It  could  be  activated 
directly  by  activated  Hageman  factor  or  Hageman  factor  fragments.   The  major 
plasma  inhibitor  of  activated  PTA  was  found  to  be  a-|_  antitrypsin;  the  CI  INK 
and  antithrombin  III,  both  previously  described  PTA  inhibitors,  were  also 
positive  but  possessed  less  activity. 
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2.   The  chemotactic  enzymes  kallikrein  and  plasminogen  activator  were 
also  found  to  be  chemotactic  for  human  mononuclear  cells.   The  chemotactic 
activity  was  inhibited  if  the  active  site  of  the  enzymes  was  destroyed  with 
DFP.   However,  DFP  treatment  of  the  respective  proenzymes  did  not  prevent  their 
subsequent  activation  by  Hageman  factor  to  chemotactic  enzymes.   The  natural 
inhibitors  of  each  enzyme  were  also  found  to  inhibit  their  chemotactic  activity, 
hence,  02  macroglobulin  inhibited  the  chemotactic  activity  of  both  kallikrein 
and  plasminogen  activator.   However,  CI  IKH  inhibited  only  the  chemotactic 
activity  of  kallikrein. 
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3.   Further  studies  of  Fletcher  factor  deficiency  have  indicated  that 
the  defect  is  due  to  prekallikrein  deficiency  and  that  the  active  enzyme  kal- 
likrein affects  coagulation  and  fibrinolysis  by  activating  Hageman  factor  by 
a  feed-back  mechanism.   However,  we  have  shown  that  activated  Hageman  factor 
bypasses  this  feedback  and  corrects  the  deficiency.   However  kallikrein,  when 
added  to  prekallikrein  deficient  plasma  in  the  absence  of  kaolin  (which  slowly 
activates  Hageman  factor),  does  not  correct  the  deficiency  by  activation  of 
Hageman  factor  in  the  fluid  phase  although  utilizing  purified  components,  this 
appears  to  be  a  rapid  reaction.   Thus  the  initial  step  of  intrinsic  coagulation 
appears  to  require  binding  of  Hageman  factor  to  an  appropriate  siirface,  activa- 
tion of  the  Hageman  factor,  activation  of  some  fluid  phase  prekallikrein  to 
kallikrein,  and  then  further  recruitment  of  Hageman  factor  by  kallikrein  acting 
upon  the  bound  Hageman  factor  prior  to  any  further  recruitment  of  Hageman  fac- 
tor by  its  enzymatic  activation  in  the  fluid  phase. 

k.      Administration  of  endotoxin  to  normal  volunteers  Ms  shown  to  gener- 
ate measurable  quantities  of  kallikrein  and  plasminogen  activator  as  assessed 
by  their  kinin-generating  and  fibrinolytic  functions  respectively  as  well  as 
their  chemotactic  functions.   A  low  molecular  weight  chemotactic  factor  has 
also  been  shown  to  be  generated  by  this  in_  vivo  challenge  which  does  not  cor- 
respond to  the  known  complement  dependent  chemotactic  factors  C5a  or  C3a  which 
are  readily  demonstrable  after  in_  vitro  activation  of  serum.   This  new  factor 
is  dependent  upon  Hageman  factor  for  its  generation  and  appears  to  be  a  chemo- 
tactic peptide  generated  via  the  coagulation  pathway.   Its  identification  and 
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mechanism  of  generation  are  being  studied. 


5.  Study  of  the  pathogenesis  of  cold  virticeiria  has  demonstrated  that 
most  patients  have  an  IgE  mediated  mechanism  such  that  the  defect  can  be  pas- 
sively transferred  to  normal  volunteers  and  successfully  challenged  with  an 
ice  cube  i+8  hoiirs  later.   Passage  of  sera  over  an  anti-IgE  iramunoabsorbant 
removes  this  activity.  Elation  of  the  IgE  from  those  columns  to  study  the 
mechanism  of  its  interaction  with  the  basophil  and/or  mast  cell  axe   in  progress. 
By  radioenzyme  assay  histamine  has  been  shown  to  be  a  major  mediator  of  the 
swelling  in  those  patients  as  evaluated  by  submersion  of  their  hand  in  ice 
water  for  five  minutes  and  determining  serial  histamine  levels  in  the  draining 
brachial  vein  over  a  20  minute  period.   Thus  far  determination  of  seratonin 

and  bradykinin  have  been  negative. 

6.  Patients  with  tropical  eosinophilia,  a  parasitic  disease  apparently 
caused  by  a  filarial  organism  present  with  patchy  pulmonary  infiltrates,  asthma, 
and  eosinophila.   These  patients  have  been  shown  to  possess  significazitly  ele- 
vated IgE  levels  when  compared  to  patients  with  filariasis  who  have  no  pulmo- 
nary symptoms.   Hemagglutinating  antibody  is  similarly  elevated.   It  is  possible 
that  those  patients  with  tropical  eosinophilia  have  a  heightened  immune  response 
to  this  organism,  clear  it  from  the  circulation,  and  deposit  them  in  the  lung 
where  an  inflammatory  reaction  is  triggered.   Studies  are  now  being  continued 

to  determine  whether  this  IgE  antibody  is  specifically  directed  toward  filairial 
antigens.   Various  filarial  antigens  are  being  prepared;  a  positive  reaction 
might  be  useftil  in  determining  the  specific  etiologic  agent  (or  agents)  in  this 
disorder. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  interrelated  enzymatic  pathways  consisting  of  coagiilation,  fibrino- 
lysis, and  kinin-generation  have  not  been  extensively  studied  in  human  disease. 
The  role  played  by  these  enzymes  and  their  vasoactive  and  chemotactic  by- 
products are  being  evaluated  in  various  types  of  chronic  urticaria  and  angio- 
edema,  cold  urticaria,  cholinergic  urticaria,  and  urticarial  erythema  multiforme 
as  one  aspect  of  a  larger  program  being  developed  in  the  LCI  devoted  to  the 
investigation  of  the  etiology,  pathogenesis,  and  therapy  of  allergic  diseases. 
Hopefully  identification  of  the  various  mediators  and  enzymatic  pathways  acti- 
vated in  these  disorders  will  lead  to  an  understanding  of  their  pathophysiology 
and  hopefiilly  to  new  modes  of  therapy. 

Proposed  Course: 

To  continue  the  studies  outlined  above  and  develop  the  ability  to 
evaluate  all  of  the  mediator  systems  in  patients  with  allergic  diseases.   The 
mechanism  of  activation  of  Hageman  factor  and  its  substrates,  the  inhibition 
of  their  activities  by  natural  inhibitors,  and  the  generation  of  chemotactic 
factors  will  be  pursued.   Assays  will  be  developed  to  measure  each  factor  func- 
tionally and  as  a  protein  in  human  plasma.   The  role  of  IgE,  the  basophil,  and 
the  tissue  mast  cell  in  human  allergic  diseases  will  be  evaluated  with  the 
emphasis  upon  various  types  of  urticarias  and  angioedemas. 
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Honors  and  Awards: 


NONE 


Publications: 

1.   Weiss,  A.  S.,  Gallin,  J.  I.,  and  JCaplan,  A.  P.:   Fletcher  factor  deficiency: 
A  diminished  rate  of  Hageman  factor  activation  caused  by  absence  of  prekal- 
likrein  with  abnoj-malities  of  coagulation,  fibrinolysis,  chemotactic 
activity,  and  kinin  generation.  J.  Clin.  Invest.  53:  622-633,  197^. 


Kaplan,  A. 
Microvasc. 


P.: 
Res, 


The  Hageman  factor  dependent  pathways  of  hioman  plasma. 
In  press. 
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1.  Laboratory  of  Clinical  Investigation 

2.  Clinical  Mycology  Section 

3.  Bethesda,  Maryland 
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Individual  Project  Report 
Jvily  1,  1973  through  Jvne   30,  197^+ 

Project  Title:   Basic  studies  on  pathogenic  fungi 

Previous  Serial  Numher:   77-lF  and  77-1-G 

Principal  Investigator:   Dr.  K.J.  Kwon-Chung 

Cooperating  Units:  Dr.  R.J.  Kim,  Laboratory  of  Microbiology,  NIAID 

(Wo  Project  ninnber) 
Dr.  G.  W.  A.  Milne,  Laboratory  of  Chemistry,  NHLI 
(No  Project  No.) 
Man  Years: 
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Project  Description: 

Objectives: 

Objectives  of  these  studies  cover  both  basic  and  applied  aspects  of 
various  pathogenic  or  nonpathogenic  fungi,  including  their  morphology, 
taxonomic  position,  genetics  and  relationship  betveen  their  sterol  content 
and  resistance  to  antifungal  antibiotics. 

Methods  employed: 

Morphological  studies  were  carried  out  by  culturing  the  fungi  on 
various  mycological  media  at  different  temperat\ires .   Observations  were 
made  with  a  light  microscope  with  or  without  Normarsky  interference 
condenser.  For  genetic  studies  of  Histoplasma  capsulatum  (Emmonsiella 
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capsulata) ,  two  tester  strains  (-,+)  vere  crossed  on  alphacel  yeast  extract 
agar  and  incubated  for  3-^  weeks  and  the  Fi  progeny  were  obtained  by  single 
ascespore  isolation.  All  F^  strains  were  cultured  on  "tslood  glucose 
cysteine  agar  and  Pines  medium  at  3T°C  to  convert  them  into  their  unicell- 
ular forms .   The  Fj_   strains  were  also  cultured  on  soil  extract  agar  for 
observations  of  their  colonial  characteristics.  The  serotypes  of  parent 
strains  as  well  as  F^  strains  were  determined  by  reciprocal  cross-staining 
and  absorption  using  fluorescein-labeled  reagents. 

Eighteen  clinical  isolates  of  Histoplasma  duboisii  were  obtained  from 
various  countries  of  Africa.   They  were  crossed  in  all  possible  combinations 
and  also  crossed  with  two  strains  of  H.  capsulatum  to  determine  their 
genetic  relationships. 

Mutants  resistant  to  various  polyene  antibotics  were  obtained  using 
both  mating  types  of  Aspergillus  fennelliae  and  one  strain  of  Cryptococcus 
neof ormans .   The  mutation  was  induced  either  by  ultraviolet  irradiation  or 
by  culturing  the  organism  on  drug  containing  media  for  many  generations. 
Sterols  from  wild  types  as  well  as  mutants  were  extracted  and  purified  by 
conventional  chemical  methods.   Cross  resistance  of  mutants  to  a  variety 
of  polyene  drugs  was  tested.   Identification  of  new  sterols  from  mutants 
was  carried  out  using  gas  liquid  chromatography,  UV  spectrophotometry, 
nuclear  magnetic  resonance,  infrared  spectrometry  and  mass  spectrometry. 
Pathogenicity  of  mutants  and  the  wild  type  of  C_.  neoforms  was  tested  by 
inoculating  various  number  of  cells  into  mice  and  observing  mortality  rates. 

Major  Findings: 

A.   Genetics  of  Histoplasma  capsulatum 

1.  Conversion  of  this  fungus  from  mycelial  to  yeast  on  blood-glucose- 
cysteine  agar  medium  was  extremely  poor  compared  to  that  on  Pine's  agar. 
Tests  on  101  F^  strains  obtained  by  crossing  the  strain  T-2-1  (easily 
converting)  and  T-U-2  (hard  to  convert)  showed  that  mating  type  had  no 
relationship  with  iii  vitro  covertability.   This  was  contrary  to  expectation. 

2.  Serotype  of  11.  capsulatxan  was  found  to  be  genetically  determined. 
F^  progeny  obtained  by  crossing  the  1,  2  type  and  the  1,2,3  type  were 
either  1,2  or  1,2,3  type.  All  68  progeny  obtained  from  a  pair  of  1,2,3 
types  were  1,2,3  type. 

3.  Crosses  of  l8  clinical  isolates  of  H.  duboisii  with  tester  strains 
of  }I.  capsulatum  indicated  that  the  two  fungi  belong  to  one  species  and 
that  " — "  type  is  5  times  more  frequently  isolated  than  the  "+"  type  from 
African  histoplasmosis  cases. 


B.   Polyene  resistance  and  sterol  content  of  Aspergillus  and  Cryptococcus 
neof ormans. 

Aspergillus  fennelliae: 

l)  After  32  successive  transfers  of  the  wild  type  strain  of  Aspergillus 
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fennelliae  AF5  (A  mating  type)  on  a  series  of  amphotericin  B  media  and  l8 
serial  transfers  of  AFl+  (  a  mating  type)  on  nystatin  media  resulted  in  dr\ig 
resistant  mutants  AF5-AB1  and  AFU-NSI  respectively.  Approximately  100 
fold  increase  of  resistance  to  amphotericin  B  was  ohserved  in  AF5-AB1  and 
1+  fold  increase  of  resistance  to  nystatin  was  obsei-ved  in  AFl*-NSl. 

2)  Sterol  analyses  of  wild  types  and  the  mutants  showed  that  ergo sterol 
was  the  major  sterol  of  the  wild  types  while  two  new  compounds  were  the 
major  sterols  for  the  mutants.   The  strain  AF5-AB1  lacked  ergOsterol  hut 
AFU-NSI  retained  a  minor  fraction  of  ergasterol.   One  of  the  new  sterols  was 
identified  as  AT_,22  ergostadiene-36-Ol  which  has  not  heen  reported  in  the 
filamentous  f\ingi. 

3)  Growth  studies  revealed  that  the  mutant  lacking  ergo sterol,  AF5-AB1 
manifested  reduced  growth  rate  and  poor  sporulation.  The  mutant  AFU-NSI 
which  retained  a  fraction  of  ergosterol  showed  almost  the  same  rate  of 
growth  and  sporulation  as  the  wild  type. 

U)  The  Fi  progeny  obtained  by  crossing  mutants  and  wild  types  showed 
that:   (a)  heavy  conidial  and  poor  conidial  types  in  this  species  are  con- 
trolled by  a  single  locus  consisting  of  two  alleles  which  segregate  in- 
dependently of  the  locus  for  mating  type,   (b)  the  amphotericin  B  resistant 
mutant  and  the  nystatin  resistant  mutant  are  due  to  single  mutations, 
(c)  the  sensitivity  to  the  drug  is  directly  related  to  the  level  of 
ergosterol  and  (d)  synthesis  of  ergosterol  is  also  directly  related  to 
sexuaJL  and  asexual  reproduction. 

5)  Mutants  resistant  to  amphotericin  B  showed  an  increased  minimal 
inhibitory  concentration  (MIC)  for  nystatin, pimaricin  and  filipin  while 
the  mutants  resistant  to  nystatin  conferred  increased  MIC  for  pimaricin 
and  filipin  but  not  for  amphotericin  B. 

Cryptococcus  neoformans 

1)  All  of  the  nine  drug  resistant  strains  of  C_.   neoformans ,  obtained  by 
irradiating  (U.V.)  two  wild  type  strains,  showed  altered  sterol  content. 
Thus  far  identified  sterols  are  AT, 22,  ergostadiene  -  !$ -ol  and  A  7 
ergostenol-3g-Ol  from  k   mutants  resistant  to  amphotericin  B  and  nystatin, and 
A8,  ergostenol  from  2  pimaricin  resistant  mutants.   The  two  sterols  A7, 
ergostenol-36-ol  and  a8,   ergostenol  have  not  been  reported  in  fungi. 

2)  Preliminary  study  showed  that  all  resistant  mutants  are  consider- 
ably less  virulent  than  the  wild  types. 
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C.  Discovery  of  a  new  species  of  Aspergillus  pathogenic  to  man. 

Two  strains  of  Aspergillus ,  one  isolated  from  a  patient  (biopsy  material) 
suffering  from  sphenoid  sinusitis  and  the  other  isolated  from  bronchial 
washing  of  another  patient,  showed  several  distinct  features  not  found  in 
any  other  known  species  of  Aspergillus.  Over  all  morphological  character- 
istics of  these  strains  belong  to  those  of  Aspergillus  ftmiigatus  series. 
However,  in  addition  to  the  formation  of  restricted  colonies  on  standard 
media,  persistantly  septated  phialids  were  produced  in  these  strains. 
Phialids  were  twice  longer  than  the  strains  of  A.  fimiigatus  and  conidiophores 
were  also  frequently  septated.   The  new  species  produced  smooth,  pyriform 
canlda..  compared  to  the  echinulated  spherical  spores  of  A.  fumigatus .  The 
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optimimi  temperature  for  growth  was  3T°C  as  in  strains  of  A.  fumigatus . 
Colonies  were  cream  to  rose  colored,  in  contrast  to  green  colonies  of 
A.  fumigatus  grown  the  same  temperature.  Unlike  A.  fumigatus  ,the  new 
species  failed  to  grow  on  agar  media  containing  more  than  20^  sucrose 
or  dextrose.   Experimental  infection  in  mice  showed  that  the  new  species 
was  equally  or  more  pathogenic  than  strains  of  A.  fumigatus. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Our  major  effort  has  been  directed  toward  the  investigation  of  the 
relationship  between  polyene  drug  resistance  and  the  sterol  content  in  a 
filamentous  fungus,  Aspergillus  fennelliae,  and  in  a  pathogenic  yeast, 
Cryptococcus  neof ormans .  Genetic  bases  of  sterol  synthesis  and  the  drug 
resistance  was  analyzed  using  the  Aspergillus  species.   This  information 
will  elucidate  the  mechanism  of  drug  resistance  as  well  as  the  biosynthesic 
pathway  of  sterols  in  fungi . 


ir 


We  have  also  directed  out   effort  toward  investigations  of  the  genetic 
relationship  between  mating  types,  dimorphism,  and  serotype?  of  Histoplasma 
capsulatum  in  an  effort  to  assess  their  basic  biological  characteristics. 
This  information  will  be  helpful  in  understanding  the  pathogenicity  of  the 
species. 


Discovery  of  a  new  species  of  Aspergillus  pathogenic  to  man  broadens 
the  scope  of  o\ir  knowledge  on  the  etiology  of  aspergillosis. 

Proposed  Course:  ^ 
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Further  studies  are  being  directed  to  investigate  the  relationship 
between  mating  type  and  dimorphism  of  H_.  capsulatum  in  vivo.  Methods  are 
being  tested  that  will  enhance  both  germination  of  ascospores  and  colony 
formation  of  yeast  cells  of  the  same  organism.   The  two  main  obstacles  to 
extensive  genetic  studies  in  H.  capsulatum  have  been  low  germination  rates 
of  ascospores,  and  low  rate  of  colony  formation  by  yeast  cells. 

The  effect  of  environmental  differences  on  mutations  leading  to 
sterility  in  H.  capsulatimi  will  be  investigated  using  natural  or  artificial 
culture  media  at  various  temperatiires. 


Continued  efforts  will  be  directed  towards  the  identification  of 
several  unknown  sterols  isolated  from  the  polyene  resistant  mutants  of 
Aspergillus  fennelliae  and  Cryptococcus  neof ormans.  The  relationship 
between  reverse  mutation  and  sterol  content  will  also  be  investigated. 

Critical  comparison  will  be  made  between  isolates  of  Sporothrix 
schenckii  and  Ceratocystis  stenoceras  to  clarify  the  existing  confusion 
on  the  sexual  state  of  S_.  schenckii. 

Honors  and  Awards : 

Member,  Nomination  Committee  for  Medical  Mycological  Society  of  America. 
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Chaired  a  Medical  Mycology  Section  at  Annual  Meeting  of  American  Society 
for  Microbiology,  197^,  in  Chicago. 

Publications: 

1.  Young,  N.  A.,  Kwon-Chung,  K.  J.,  and  Freeman,  J.:   Subcutaneous  abscess 
caused  by  Phoma  sp.  resembling  Pyrenochaeta  romeroi :  Unique  fungal  infection 
occurring  in  immunosuppressed  recipient  of  renal  allography.  Am.  J.  Clin. 
Pathol.  59:  8lO-9l6,  1973. 

2.  Wong,  V.  G.,  Kwon-Chung,  K.  J.,  Green,  W.  R.,  Anderson,  R.  R. , 
Collins,  E.  M. ,  and  Hill,  W.  B.:   Focal  choroidopathy  in  experimental  oculax 
histoplasmosis.  Trans.  American  Academy  of  Ophthalmology  and  Otoleiryngology . 
77:  769-777,  1973. 

3.  Kwon-Chung,  K. J.  ,  Weeks,  R.  J.,  and  Larsh,  H.W.:   Studies  on  'Fhrmonsiella 
capsulata  (Histoplasma  capsulat\im) .   II.  Distribution  of  the  two  mating 
types  in  13  endemic  states  of  the  United  States.  Amer.  J.  Epidemiol.  99: 
kk-k9,   1971+. 

k.     B\ijak,  J.  S.,  Kwon-Chung,  K.  J.,  and  Chusid,  M.  J.:   Osteomyelitis  and 
pneumonia  in  a  boy  with  chronic  granulomatous  disease  of  childhood  caused  by 
a  mutant  strain  of  Aspergillus  nidiilans.  J.  Clin.  Pathol. 6I:  36I-367,  1973. 
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5.  Kwon-Chung,  K.  J.:  Genetics  of  fimgi  pathogenic  for  man.   Critical  Rev. 
Microbiol.  3:  115-133,  197*+. 


6.  Kwon-Chung,  K.  J.  and  Kim,  S.  J. 
Mycologia.   In  press. 


A  second  heterothallic  Aspergillus. 
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Kim,  S.  J.  and  Kwon-Chung,  K.  J.:   Polyene  resistance  in  the  sterol  mutants 
of  Aspergillus  fennelliae.  Antimicrob.  Agents  Chemother.   In  press. 
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PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  197^+ 

Project  Title:   The  Pathogenesis  and  Chemotherapy  of  Herpes  Virus 
Infections  in  Man 

Previous  Serial  Number:   NONE 

Principal  Investigator:   Dr.  Raphael  Dolin 

Other  Investigators:   Dr.  Millicent  Coker 

Mr.  John  Owens 
Mr.  Holly  A.  Smith 

Cooperating  Units:   Dr.  Arthur  S.  Levine,  POB,  MD,  DOT,  NCI  (No  project  no.) 

Dr.  Vincent  T.  DeVita,  Jr.,  MD,  MB,  NCI  (No  project  no.) 

Man  Years : 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned 
to  Project 


Guest 
Workers 


TOTAL 


Total 

1-  6/12 

1-  6/12 

Professional 

10/12 

10/12 

Other 

8/12 

8/12 

Project  Description: 
Objectives: 

1)  To  determine  the  pathogenesis,  host  defense  mechanisms,  and 
natural  history  of  herpes  virus  infections  in  man,  in  both  host-defense 
compromised  and  intact  hosts. 

2)  To  evaluate  the  efficacy  of  anti-viral  agents  in  the  treatment  of 
herpes  virus  infections  in  man.   These  viruses  include  herpes  simplex, 
herpes  zoster,  cytomegalovirus  and  EB  virus. 
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Methods  Employed: 


1)  Herpes  viruses  are  isolated  from  patients  referred  to  the  medical 
virology  section  from  the  Clinical  Center,  Bethesda  Naval  Medical  Center,  and 
local  practitioners.   The  viruses  are  isolated  and  characterized  in  human 
diploid  fibroblasts,  and  in  human  fetal  tracheal  and  intestinal  organ  cultures, 

2)  The  effect  of  individual  and  combined  anti-viral  drugs  such  as 
ARA.-A,  ARA-C,  and  lUdR  on  clinical  isolates  are  studied  in  tissue  and  organ 
culture  assays. 

3)  Host  defense  responses  to  herpetic  viral  infections  are  examined  in 
the  above  patients.   These  include  a)  levels  of  circulating  and  locally 
produced  neutralizing  and  complement  fixing  antibodies;  b)  cell  mediated 
immune  responses,  i.e.,  skin  test  sensitivity,  mitogen  stimulations  of 
peripheral  lymphocyte  cultures,  and  circulating  B  to  T  cell  proportions; 

c)  systemic  and  local  (e.g.  vesicle)  interferon  production. 

U)   The  clinical  efficacy  of  ARA-A  in  the  treatment  of  herpes  zoster 
and  herpes  simplex  infections  in  the  immunosuppressed  is  investigated  in  a 
randomized,  controlled,  double  blind  study,  in  collaboration  with  an  NIAID 
supported  nation-wide  trial  of  which  the  principal  investigator  is  the 
project  officer.   The  efficacy  of  ARA-A  and  of  lUdR  in  herpex  simplex 
encephalitis  and  in  neo-natal  herpes  infections  is  studied  in  a  similar  trial. 
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Ma.-jor  Findings: 

l)   Establishment  of  anti-viral  assay.  A  rapid,  reliable,  sensitive 
bio-assay  for  anti-viral  activity  has  been  established.   Anti-viral  drug 
levels  can  be  determined  within  2U  hrs  of  receipt  of  a  specimen,  to  levels 
of  0.5   yg/ml  of  ARA-A  and  0.05  Ug/ml  of  lUdR.   This  assay  is  thus  2i*-i+8  hrs 
more  rapid  and  10  fold  more  sensitive  than  those  previously  described  in  the 
literature.   Employing  a  rapidly  growing  and  plaque  forming  strain  of  herpes 
simplex  virus  type  I  ("F"  strain)  isolated  at  the  LCI  in  December  '73, 
80-100  plaque  forming  units  (  PFJ)  are  inoculated  into  Baby  Hamster  Kidney 
tissue  culture  monolayers.   The  virus  is  allowed  to  adsorb  for  2  hrs,  and 
then  the  fluid  containing  anti-viral  activity  is  added  and  washed  off.   The 
cultures  are  overlayed  with  agar,  and  plaques  are  read  at  2U  hrs.   Previous 
assays  of  anti-viral  drug  activity  in  body  fluids  were  confused  by  the 
presence  of  additional  anti-viral  substances  such  as  interferon  and  neutrali- 
zing antibody.   The  use  of  heterologous  species  cultures  (interferon  is 
species  specific)  and  non  neutralizable  intracellular  virus  circumvents  these 
problems.   This  assay  is  currently  being  employed  to  measure  anti-viral 
levels  in  body  fluids  and  tissue  compartments  in  patients  and  experimental 
animals;  and  it  holds  promise  in  providing  clinically  relevant  information 
for  the  use  of  these  agents. 
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2)   Sensitivity  of  clinical  isolates.   Employing  a  50^  reduction  in 
PFU  as  the  minimum  inhibitory  concentration,  mean  MIC's  against  HSV  I  were 
0.08  yg/ml  of  lUdR  and  0.72  yg/ml  of  ARA-A.   HSV  type  II  appeared  to  be  more 
resistant  to  both  drugs,  with  a  MIC  of  0.35  Ug/ml  for  lUdR  and  1.1  yg/ml  for 
ARA-A.   Preliminary  data  suggested  that  AEA-A  and  lUdR  had  synergestic 
activity  against  both  HSV  I  and  II.   This  fact  may  prove  clinically  useful  in 
that  lower  concentrations  of  both  drugs  may  be  used  to  decrease  possible 
toxicities. 
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3)   Evaluation  of  anti-viral  activity  in  organ  culture.   In  contrast  to 
the  de-differentiated  cells  of  tissue  culture,  organ  cultures  theoretically 
provide  an  in  vitro  culture  medium  more  representative  of  the  in_  vivo  condi- 
tions in  man.   However,  no  evaluation  of  anti-viral  drugs  in  organ  c\ilture 
have  been  reported.   Vaccinia,  HSV  I  and  II  were  shown  to  grow  for  the  first 
time  in  tracheal  organ  culture,  and  vaccinia  for  the  first  time  in  intestinal 
organ  cultures.   (HSV  I  and  II  had  been  previously  reported-Dolin) .   Concen- 
trations of  ARA-A  up  to  100  ug/ml  and  lUdR  up  to  150  pg/ml  were  not  cytotoxic 
to  the  cultures,  and  did  not  interfere  with  ciliary  motion  on  the  respiratory 
epithelium  or  with  smooth  muscle  contraction  of  the  gut.   Concentrations  of 
10  Mg/ml  of  ARA-A  and  50  yg/ml  of  lUdR  inhibited  HSV  I  and  vaccinia  virus 
growth  in  both  intestinal  and  tracheal  organ  cultures.   Inhibition  of  viral 
growth  could  be  read  directly  from  cytopathic  effect  in  the  organ  culture, 
or  from  subsequent  tissue  culture  assays  of  fluid  from  the  organ  explants. 
These  techniques  hold  promise  for  evaluating  the  effect  of  anti-viral  drugs 
in  the  pathogenesis  of  herpes  tracheitis  and  esophagitis  which  are  being 
reported  with'  increasing  frequency  in  host  compromised  patients.   These 
methods  can  also  be  employed  to  evaluate  anti-viral  activity  against  those 
viruses  vhlch  grow  only  in  organ  culture  (e.g.,  the  hioman  gastroenteritis 
agents ) . 

k)      Animal  model  for  herpes  virus  infections.   Attempts  to  establish  a 
systemic,  pathogenic  herpes  simplex  viral  infection  of  guinea  pigs  were 
begun.   Despite  the  fact  that  no  consistent  such  viral  infection  has  been 
previously  reported  in  that  species,  the  guinea  pig  model  was  selected 
because  of  the  lanique  combination  of  two  features  among  common  laboratory 
animals:   (l)   skin  sensitivity  to  antigens  as  an  in  vivo  correlate  to 
in  vitro  measurements  of  cell  mediated  immunity;  and  (2)  the  availability  of 
genetically  deficient  animals  to  study  the  role  of  complement  in  these 
infections. 

After  adaptation  of  human  HSV  II  through  several  passages  in  guinea 
pigs,  local  infection  could  be  readily  achieved  but  systemic  infection  was 
rare  (<5^)  in  sero  negative  animals,  despite  administration  of  lo'''-^ 
TCID^Q  of  virus.   When  systemic  infection  occurred,  high  titers  of  virus 
were  found  in  brain,  lung,  liver  and  heart,  and  typical  herpes  inclusions 
were  seen  in  histopathology .   After  establishing  a  dose  response  curve  for 
lymphopenia  after  Cytoxan  administration,  immunosuppressed  guinea  pigs  are 
now  being  infected  with  HSV  virus. 
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5)   Clinical  trials  of  Efficacy  of  ARA-A  in  treatment  of  severe 
herpetic  infections  in  the  immunosuppressed. 

To  this  date  6  patients  with  herpes  zoster  have  been  studied  in  the 
ARA-A  trial,  and  1  patient  with  disseminated  varicella  has  heen  treated  with 
ARA-A  outside  of  the  trial.   ARA-A  was  administered  at  doses  of  10  mg/kg/day 
for  five  days  intravenously  without  significant  toxicity.   One  of  the  patients 
had  mild  vomiting,  and  one  had  a  skin  rash  after  h   days  of  treatment  necessi- 
tating cessation  of  drug.   Five  of  six  of  the  zoster  patients  had  cutaneous 
anergy,  and  one  of  these  went  on  to  disseminated  zoster.   All  six  recovered 
from  their  zoster,  but  the  patient  with  disseminated  varicella  died,  kQ   hours 
after  treatment.   Levels  of  antibody,  interferon,  ARA-A,  as  well  as  the 
effect  of  treatment  on  virus  excretion  and  resistance  are  currently  being 
evaluated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Herpes  viral  infections  are  a  significant  and  widespread  cause  of 
morbidity  in  normal  adults  and  children,  and  a  cause  of  significant  mortality 
in  neo-nates  and  the  immunosuppressed.   Herpes  simplex  encephalitis  is  the 
most  common  fatal  encephalitis  in  the  United  States.   Herpes  simplex  type  II 
infections  have  been  associated  with  cervical  and  gastrointestinal  cancer. 
There  is  currently  no  treatment  of  established  efficacy  for  these  infections. 
Studies  of  the  pathogenesis  and  host  response  in  these  infections  should 
further  define  their  risk  to  man,  as  well  as  to  suggest  control  measures. 
The  availability  of  compounds  such  as  ARA-A  which  possess  anti-herpes 
activity  i^n_  vitro  and  which  are  relatively  non-toxic,  in  man,  offer  a  promis- 
ing modality  for  the  treatment  of  these  infections.  '  Studies  with  this  agent 
can  serve  as  models  for  the  evaluation  and  use  of  anti-viral  drugs  which  may 
be  subsequently  developed. 
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Proposed  Course: 


Clinical  trials  of  anti-viral  agents  will  continue  and  be  expanded. 
Host  response  in  these  patients  will  be  further  investigated.   The  clinical 
pharmacology  of  anti-viral  drugs  will  be  studied  employing  in_  vivo  bio- 
assays.   The  sensitivity  of  further  isolates  of  HSV,  herpes  zoster,  CM  and 
EBV  will  be  determined,  along  with  the  mechanism  of  action  of  these  drugs 
against  these  viruses.   Efforts  will  continue  to  establish  appropriate 
animal  models  to  examine  pathogenesis,  complement  activation,  and  immuno- 
suppression in  herpes  virus  infection. 


Honors ; 


NONE 
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Publications: 


NONE 
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Project  Description: 
Objectives : 

1)  To  study  the  biological  and  immunological  properties  of  Adenovirus- 
associated  viruses  (AAV). 

2)  To  investigate  the  relationship  between  AAV  and  its  helper  viruses, 
adenovirus  and  herpesvirus. 

3)  To  study  the  natural  history  of  AAV  infection  in  man,  its  possible 
role  in  human  disease,  and  particularly  in  adenoviral  and  herpesvirus 
infection. 
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Methods  Employed: 


The  AAV  are  small  defective  viruses  that  are  able  to  replicate  complete- 
ly only  when  coinfected  with  helper  adenovirus.   Patial  replication  (pro- 
duction of  fluorescent  stainahle  antigen)  occurs  when  cultures  are  infected 
with  a  variety  of  Herpesviruses.   AAV  infection  in  man  appears  to  be  wide- 
spread since  50  to  70%   of  yo\ing  adults  possess  neutralizing  antibodies 
against  AAV  type  1,  2,  and  3.   However,  infection  with  AAV  has  not  been 
etiologically  associated  with  human  disease. 

A.  Assay  methods  -  Human  embryonic  kidney  cells  (HEK),  Hep-2  cells, 
or  K-B  cells  are  infected  with  AAV  and  helper  virus.   Since  AAV  does  not 
produce  cytopathic  effects,  the  viruses  are  assayed  primarily  by  immunologic 
techniques.   AAV  specific  antigens  are  detected  by  complement  fixation  (CF) 
and  immimo fluorescence  (FA)  tests.   The  presence  of  antigen  is  employed  as  an' 
end  point  in  infectivity  titrations. 

B.  Biophysical  Techniques:   Purified  AAV,  free  of  detectable  adeno- 
virus, is  prepared  by  isopycnic  gradient  centrifugations  in  cesium  chloride. 
This  preparation  serves  as  the  antigen  in  CF  tests  and  in  the  hyper immiiniza- 
tion  of  guinea  pigs  to  produce  monospecific  immune  sera. 

C.  Growth  under  restrictive  conditions.   Temperature  sensitive  mutants 
are  grown  under  water  baths  of  constant  temperature  (  ±.02°C)  at  pennissive 
and  restrictive  temperatures.   Plaque  assays  are  employed  to  control  for 
reversion  or  leakiness  of  the  mutants. 
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Ma.ior  Findings: 

A .   Preparations  of  mono  specific  sera:   AAV  1 ,  AAV  2 ,  and  AAV  3  were 
grown  with  adenovirus  7  in  HEK  cells.   After  heating  at  56°C  for  thirty 
minutes,  the  AAV's  were  triply  banded  in  cesiim  chloride,  and  the  fraction 
with  a  bouyant  density  of  l.Uo  gm/cc  was  collected,  dyalyzed  against  saline, 
and  used  to  hyperimmiinize  guinea  pigs.   High  titered  sera,  with  minimal  cross 
reactions  in  CF  and  FA,  were  prepared  to  each  sero  type. 
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B.   Helper  effect  of  "oncogenic"  herpes  viruses  of  primates.   Epstein- 
Barr  Vir\is  (EBV)  and  Herpes  Saimiri ,  an  oncogenic  virus  of  monkeys,  provided 
incomplete  helper  functions  for  AAV,  similar  to  that  of  other  herpes  viruses. 
The  percentage  of  cells  containing  herpes-virus  antigen  appeared  to  be  similar 
to  that  containing  AAV  antigen,  when  high  multiplicities  of  infection  of  the 
latter  were  used.   FA  assays  employing  differentially  conjugated  gmti-sera 
(Rhodamine  and  fluorescein)  are  being  undertaken  to  attempt  to  demonstrate 
both  antigens  in  the  same  cell.   Growth  of  cells  in  arginine  deficient  media 
inhibits  herpes  virus  replication  and  blocks  the  helper  effects  of  EBV  and 
H.  Saimiri. 
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C.  Mechanisms  of  Adenovirus  Helper  Function  for  AAV.   Previous  studies 
with  Dr.  J.  Rose  have  demonstrated  close  temporal  and  kinetic  correlation 
between  Adenovirus  DNA  replication  and  AAV  DNA  replication,  as  well  as 
between  RNA  replication  in  both  viruses.   In  an  attempt  to  separate  these 
fijT.ctions,  temperature  sensitive  mutants  of  Adeno  31  were  grown  with  AAV  in 
HEK  cells.   AAV  was  not  potentiated  at  the  restrictive  temperat\ire  when  the 
mutant  did  not  leak  (when  no  infectious  adenovirus  was  produced).   Similar 
experiments  with  an  adeno  5  m.utant  in  KB  cells,  however,  demonstrated  equal 
concentrations  of  AAV  {lo'^*5  TCID  50/ml)  at  both  the  restrictive  and  per- 
missive temperature.   Since  1%   Adenovirus  DNA  was  produced  at  the  restrictive 
temperature  (Strauss,  Rose),  there  appeared  to  be  a  dissociation  between  DNA 
replication  in  the  defective  and  helper  viruses.   Further  experiments  employ- 
ing other  mutants,  particularly  AD2-SVi.Q  hybrids  with  adenoviral  genome 
deletions  are  planned  to  clarify  these  findings. 

D .  Effect  of  anti-viral  agents  on  helper-defective  virus  interaction. 
Cytosine  arabinoside  in  concentration  of  20  Mg/ml  inhibited  Adeno  7  and  HSV 
replication,  and  abolished  their  helper  functions.   Adenine-arabinoside 
(ARA-A)  at  concentrations  of  10  yg/ml  inhibited  HSV  replication  and  similarly 
abolished  helper  effects.   APA.- A  in  concentrations  of  up  to  100  yg/ml  did  not 
inhibit  Adeno  2,  3,  U  or  7  replication.   Its  effects  on  AAV  arp  ciirrently 
being  evaluated.   Similar  studies  are  planned  for  lUdR. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 


II 


Though  AAV  viruses  commonly  infect  man,  their  significance  to  human 
disease  remains  unknown.   Because  of  the  pathogenic  and  oncogenic  potential 
of  adenoviruses  and  herpes  viruses,  their  relationship  to  AAV  may  be  of 
medical  importance.   These  defective  viruses  also  provide  an  unique  opportunity 
to  study  the  biology  of  viral  interactions ,  providing  a  powerful  tool  to  in- 
vestigate both  helper  and  defective  virus  functions.   Furthermore,  the 
suggestion  that  two  recently  discovered  hixman  pathogenic  viruses  (Hepatitis  A 
and  Norwalk  viruses)  most  closely  resemble  the  parvovirus  group  among  animal 
viruses,  suggests  that  an  understanding  of  AAV  biology  may  aid  in  cultivation 
and  characterization  of  those  hitherto  undetected  agents. 

Proposed  Course: 


ii 


The  potential  role  of  AAV  in  human  disease,  acting  by  itself  or  in 
connection  with  its  helper  viruses,  will  continue  to  be  investigated.  The 
mechanisms  of  helper  functions  of  adenoviruses  and  herpesviruses  will  also 
continue  to  be  studied,  with  particular  emphasis  on  the  use  of  conditional 
mutants  of  the  helper  viruses.  The  effect  of  anti-viral  compounds  on  AAV- 
helper  virus  interaction  will  also  be  examined. 


Honors  and  Awards :   NONE 
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SUMMARY  STATEMENT  -  Annual  Report  of  the  Laboratory  of 
Infectious  Diseases,  National  Institute  of 
Allergy  and  Infectious  Diseases 
July  1,  1973  through  June  30,  1974 

Currently,  as  in  the  past,  the  research  programs  of  LID  are  concerned  with 
the  natural  history  and  prevention  of  three  of  the  major  uncontrolled 
infectious  diseases  of  man--acute  respiratory  tract  disease,  viral  hepatitis 
and  acute  gastroenteritis.  Specifically,  efforts  are  made  to  recover  the 
microbial  agents  responsible  for  these  diseases  and  to  characterize  the 
etiologic  viruses  or  mycoplasmas  in  the  laboratory.  After  techniques  for  the 
isolation  of  the  etiologic  agents  and  measurement  of  specific  antibody  have 
been  developed,  an  attempt  is  made  to  study  the  natural  history  of  infection, 
i.e.,  when  and  where  does  infection  occur,  what  is  the  risk  of  disease  during 
infection,  and  which  environmental  and  host  factors  influence  infection  and 
expression  of  disease?  Efforts  are  made  to  define  the  immunologic  mechanisms 
by  which  the  host  protects  himself  from  infection  and  disease.  Finally, 
Information  which  emerges  from  the  foregoing  studies  is  used  to  divise  a 
strategy  for  prevention  of  illness.  Special  emphasis  is  given  to  the  use  of 
genetic  techniques  for  the  development  of  attenuated  viruses  and  mycoplasmas 
which  can  be  used  for  the  prevention  of  infectious  diseases  of  public  health 
importance. 

Acute  Non-bacterial  Gastroenteritis: 

This  program  which  began  4  years  ago  moved  into  a  logarithmic  growth  phase 
during  the  past  year.  In  previous  studies  a  27  nm  virus  particle  was  visualized 
by  immune  electron  microscopy  in  the  stools  of  individuals  experimentally 
infected  with  the  Norwalk  agent  of  acute,  epidemic,  non-bacterial  gastroenteritis, 
Using  immune  electron  microscopy  (lEM)  we  showed  that  persons  infected  under 
natural  or  experimental  conditions  with  the  Norwalk  agent  developed  serum 
antibody  to  the  27  nm  virus  particle.  These  findings  and  other  evidence 
suggested  that  the  27  nm  virus  was  the  etiologic  agent  of  Norwalk  disease. 
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To  further  define  the  27  nm  particle  as 
Ohio  outbreak  we  examined  the  relations 
Norwalk  particle  in  stool  during  the  co 
onset  of  symptomatic  illness.  A  total 
developed  gastrointestinal  illness  were 
The  27  nm  virus  was  visualized  in  stool 
clinical  illness  but  we  failed  to  find 
or  after  recovery  from  illness.  These 
for  the  view  that  the  27  nm  particle  wa 
epidemic  of  acute  gastroenteritis. 
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examined  by 
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ic  agent  of  the  Norwalk, 
the  appearance  of  the 
rimental  infection  and  the 
from  23  volunteers  who 
immune  electron  microscopy, 
hortly  after  the  onset  of 
e  onset  of  clinical  symptoms 

provided  further  support 
gic  agent  of  the  Norwalk 


The  Norwalk  agent  was  administered  by  stomach  tube  to  chimpanzees  in  an  attempt 
to  induce  experimental  disease  in  this  species.  A  significant  serum  antibody 
response  to  the  27  nm  Norwalk  virus-like  particle  was  demonstrated  in  all 
animals,  using  immune  electron  microscopy.  Overt  clinical  illness,  characterized 
by  diarrhea  and/or  vomiting,  did  not  occur.  Transmission  of  the  infection  was 
successfully  accomplished  by  feeding  additional  chimpanzees  a  stool  filtrate 
prepared  from  one  of  the  previously  challenged  animals.  This  animal  model  should 

1 


A 


im  I'f 


IT 


facilitate  further  investigations  with  viral  agents  of  acute  gastroenteric 
disease.  Rhesus  monkeys,  baboons,  and  calves  did  not  develop  serum  antibody 
responses  when  given  tne  same  filtrate  orally. 

Until  recently,  we  had  succeeded  in  visualizing  a  small  entero-  or  parvovirus- 
like  particle  only  in  stools  from  individuals  infected  with  the  agent  of 
Norwalk  gastroenteritis  although  we  had  examined  material  from  a  number  of 
outbreaks.  Therefore,  we  were  excited  to  find  a  27  nm  virus  particle  in  stool 
filtrates  from  persons  who  became  ill  after  receiving  the  Hawaii  strain  of 
acute  non-bacterial  gastroenteritis. 

When  the  filtrates  containing  this  particle  were  mixed  with  a  convalescent 
serum  (diluted  1:5)  from  a  volunteer  previously  ill  with  Hawaii-induced  disease, 
the  particle  was  observed  to  be  in  aggregates,  and  it  appeared  to  be  covered 
with  antibody.  It  was  necessary  to  concentrate  stool  filtrates  used  in  these 
studies  in  order  to  consistently  visualize  enough  particles  to  assess  antibody 
level  in  serum.  Paired  sera  were  then  tested  using  the  technique  previously 
used  with  the  Norwalk  particle.  Using  acute  and  convalescent  sera  from  the 
original  case  of  Hawaii  disease,  a  significant  antibody  response  was  observed. 
Subsequently,  paired  sera  from  10  volunteers  ill  with  Hawaii-induced  gastro- 
enteritis were  tested  and  7  of  the  10  had  a  significant  antibody  response. 
Paired  sera  from  persons  ill  with  hepatitis  A  or  Norwalk-induced  gastroenteritis 
did  not  demonstrate  serum  antibody  increases  to  the  Hawaii  particle.  Further 
studies  are  now  underway  to  confirm  these  findings  and  to  characterize  the 
Hawaii  particle  using  biophysical  methods. 

We  recently  expanded  our  gastroenteritis  studies  which  had  been  limited  to 
outbreaks  in  schools,  institutions,  the  military,  and  families,  to  include 
infants  and  young  children  admitted  to  the  Children's  Hospital  of  the  District 
of  Columbia  with  acute  gastroenteritis.  Filtrates  of  stools  collected  during 
January,  February  and  March,  1974  from  21  infants  and  children,  2  to  20  months 
of  age,  who  had  gastroenteritis  with  vomiting  and/or  diarrhea  severe  enough  to 
warrant  hospitalization  were  studied  for  the  presence  of  viral  agents  by 
immune  electron  microscopy  (lEM)  and  in  some  instances  by  conventional  electron 
microscopy  as  well.  Virus  particles  with  characteristic  reovirus-like 
morphology  were  visualized  in  stool  filtrates  from  13  (62%)  of  the  21  patients. 
The  particles  were  so  distinct  in  morphology  and  in  most  instances  so  numerous 
that  the  19  virus-containing  filtrates  examined  by  both  conventional  and  immune 
electron  microscopy  were    positive  by  both  methods.  The  particles  from  the 
different  patients  appeared  to  be  similar  morphologically  and  had  a  definite 
capsomere  structure.  They  resembled  the  reovi ruses  or  orbi viruses  morphologic- 
ally. The  diameter  varied  from  approximately  67  to  73  nm  with  an  average  of 
approximately  70  nm.  Many  of  the  particles  appeared  to  have  a  definite  double 
shelled  capsid;  "empty"  particles  were  seen  occasionally.  We  also  examined 
stools  from  13  controls  who  included  infants  and  children  admitted  to  the 
hospital  during  February  and  March,  1974,  for  respiratory  disease,  and  others 
returning  for  well  baby  care  and  we  were  unable  to  detect  reovirus-like 
particles  in  these  control  stool  filtrates. 

We  used  a  stool  filtrate  which  had  readily  detectable  particles  to  examine 
acute  and  convalescent  sera  from  the  gastroenteritis  patients  for  antibody  to 
this  reovirus-like  agent  by  lEM.  Paired  sera  from  4  patients  were  examined  by 
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ibody  to  the  homologous  agent  present  in  stool;  each 
d  serologic  evidence  of  infection  to  the  reovirus-like 
paired  sera  from  each  of  these  individuals  and  from 
with  gastroenteritis  from  whom  a  stool  was  not  obtained 
rus  present  in  the  stool   of  one  patient.     Each  of  the 
ogic  (lEM)  evidence  of  infection  with  this  reovirus-like 
the  agents  which  infected  these  patients  were  either 
y  or  very  closely  related. 


We  also  were  able  to  develop  a  complement-fixation  test  for  the  reovirus-like 
agent  by  utilizing  as  CF  antigen  2%  stool  filtrate  from  one  of  the  patients. 
In  this  test  system  using  32-64  units  of  antigen  we  not  only  confirmed  the 
above  described  serologic  (lEM)  evidence  of  infection  in  5  patients  but  also 
found  that  the  remaining  5  reovirus-like  positive  gastroenteritis  patients  with 
paired  sera  had  serologic  (CF)  evidence  of  infection.     The  varying  dates  of 
serum  acquisition  and  differing  residences  of  the  patients  makes  it  most  un- 
likely that  a  single  adventitious  agent  was  responsible  for  these  infections. 
It  is  noteworthy  that  paired  sera  were  also  available  from  4  infants  and 
children  whose  filtrates  were  negative  for  the  reovirus-like  agent  and  each 
failed  to  develop  a  significant  seroresponse  to  the  CF  antigen,     In  addition, 
we  tested  paired  sera  from  4  volunteers  who  developed  illness  following 
challenge  with  the  Norwalk  agent  and  a  significant  increase  in  lEM  antibody 
to  the  Norwalk  agent  during  convalescence;  none  of  the  4  volunteers  developed 
a  seroresponse  to  the  reovirus-like  CF  antigen.     Further  evidence  of  specificity 
was  provided  by  our  failure  to  detect  a  CF  antibody  response  in  paired  sera 
from  volunteers  infected  with  non-bacterial   gastroenteritis  agents  derived 
from  6  separate  family  or  institutional   outbreaks.     In  addition,  CF  tests  with 
paired  sera  from  10  other  community  -  wide,  institutional,  or  family  outbreaks 
of  gastroenteritis  failed  to  demonstrate  a  relationship  to  the  reovirus-like 
agent.     We  also  were  able  to  demonstrate  that  the  reovirus-like  antigen  from 
patient  D  was  distinct  from  reovirus  types  1,  2  and  3  and  from  all  orbiviruses 
for  which  antisera  were  available. 

We  have  observed  a  reovirus-like  agent  in  stools  of  infants  and  children  with 
gastroenteritis  and  have  for  the  first  time  demonstrated  serologic  evidence 
of  infection  with  this  agent,  the  latter  accomplished  by  both  lEM  and  comple- 
ment fixation.     These  findings  along  with  the  absence  of  such  particles  in 
stools  obtained  from  children  without  gastroenteritis  suggests  that  this  reo- 
virus-like agent  was  the  etiologic  agent  of  the  gastroenteritis  observed  in  a 
majority  of  the  hospitalized  children.     We  have  also  demonstrated  that  the 
reovirus-like  agent  is  antigenically  related  to  the  EDIM  murine  diarrhea  virus 
and  the  Nebraska  calf  diarrhea  virus  (NCDV).     In  addition,  development  of  a 
CF  test  for  antibody  to  this  reovirus-like  antigen  should  greatly  facilitate 
laboratory  and  seroepidemiologic  studies  of  the  agent.     Preliminary  sero- 
epidemiologic  surveys  in  adults  from  many  parts  of  the  U.S.   reveal     that  CF 
antibody  to  the  reovirus-like  antigen  is  quite  common  in  serum  from  adults 
indicating  that  this  agent  or  a  related  agent  is  relatively  ubiquitous.     It 
is  likely  that  this  reovirus-like  agent  will  emerge  as  a  major  etiologic  agent 
in  infantile  diarrhea. 
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Preliminary  evidence  was  obtained  that  the  reovirus-like  agent  of  sporadic 
infantile  diarrhea  was  grown  in  organ  cultures  of  human  fetal  intestine. 
Cytoplasmic  fluorescent  staining  was  seen  in  the  epithelial  cells  which  lined 
the  intestinal  villi  of  inoculated  organ  cultures  when  convalescent  serum 
containing  CF  antibody  was  used  in  the  indirect  fluorescent  antibody.  Acute 
phase  serum,  which  lacked  CF  antibody,  did  not  stain  these  areas.  Each  of  the 
patients  who  had  reovirus-like  particles  in  their  stools  and  who  developed  a 
serum  CF  antibody  response  to  the  agent  developed  a  similar  serum  antibody 
response  when  tested  by  the  indirect  immunofluorescent  technique.  (Kapikian, 
Wyatt,  Thornhill,  Kalica  and  Chanock). 

Hepatitis: 

1973-74  was  a  banner  year  for  hepatitis  virus  research  in  LID.  Despite 
significant  progress  in  recent  years  in  the  study  of  hepatitis  B,  little 
progress  has  been  made  in  our  understanding  of  hepatitis  A  because  neither  the 
virus  nor  infection  caused  by  it  could  be  identified.  However,  this  year  we 
detected  a  virus-like  particulate  antigen  in  the  stool  of  patients  acutely  ill 
with  hepatitis  A  and  demonstrated  its  temporal  and  serologic  relationship  to 
hepatitis  A  infection.  Based  upon  these  findings  it  appears  that  the  27  nm 
particle  is  the  hepatitis  A  virus.  The  antigen  was  detected,  using  the 
technique  of  immune  electron  microscopy,  in  stool  samples  collected  only 
during  the  acute  phase  of  infection.  Using  these  particles  as  antigen,  the 
development  of  antibody  could  be  demonstrated  during  convalescence  from 
hepatitis  A  infection.  An  antibody  response  to  hepatitis  A  antigen  was 
demonstrated  with  paired  serum  samples  obtained  from  patients  involved  in  5 
separate,  naturally  occurring  outbreaks  of  hepatitis  A  as  well  as  from  volun- 
teers involved  in  two  studies  of  experimentally  induced  infection.  The  antigen 
and  its  antibody  were  found  to  be  serologically  distinct  from  hepatitis  B 
antigen-antibody  systems  as  well  as  from  the  morphologically  similar  virus- 
like antigen  associated  with  Norwalk  acute,  non-bacterial  gastroenteritis. 

As  part  of  a  collaborative  study  of  hepatitis  A  jointly  funded  by  NIAID,  FDA 
and  CDC,  marmosets  were  inoculated  with  hepatitis  A  virus.  Tests  of  paired 
sera  from  these  marmosets  for  development  of  antibody  to  hepatitis  A  antigen 
revealed  an  excellent  correlation  between  clinical  evidence  of  hepatitis  and 
seroconversion;  serologic  tests  were  as  sensitive  as  histologic  and  bio- 
chemical tests  for  detecting  infection. 

The  hepatitis  A  antigen  was  found  to  have  a  buoyant  density  in  cesium  chloride 
of  approximately  1.4  and  a  sedimentation  doefficient  in  sucrose  consistent  with 
its  size  of  27  nm.  These  findings  plus  those  obtained  by  others,  using  the 
marmoset  model  for  characterization  of  the  hepatitis  A  agent,  suggests  that 
this  virus  may  be  a  parvovirus.  More  definitive  classification  must  await 
the  determination  of  the  type  of  nucleic  acid  it  contains. 

Seronegative  infant  chimpanzees,  obtained  from  a  breeding  colony  jointly  funded 
by  NIAID,  FDA,  and  CDC  were  inoculated  with  a  stool  filtrate  prepared  from 
stools  collected  during  the  acute  phase  of  experimentally  acquired  hepatitis 
A  infection.  Both  chimpanzees  administered  the  stool  filtrate  developed 
hepatitis  A  as  evidenced  by  symptoms,  elevated  transaminase  levels,  detection 
of  hepatitis  A  antigen  in  stool  samples  collected  during  the  acute  phase  of 
infection,  and  development  of  antibody  to  hepatitis  A  antigen  during  convales' 
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cence.  In  contrast,  the  two  chimpanzees  inoculated  with  control  stool  filtrates 
remained  normal.  Subsequently,  these  latter  two  animals  developed  evidence  of 
hepatitis  A  infection  following  casual  contact  with  the  former  two  animals. 
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Advances  were  also  made  in  the  study  of  hepatitis  B  virus  infection.  A  micro 
solid-phase  radioimmunoassay  specific  for  the  core  of  the  Dane  particle 
(thought  to  be  the  hepatitis  B  virion)  was  developed.  Radioimmunoassay 
exhibited  a  high  degree  of  sensitivity  and  specificity.  In  a  collaborative 
study  with  Drs.  Kaplan,  Greenman  and  Robinson  of  Stanford  and  Dr.  Gerin  of  the 
MAN  Laboratory,  the  micro  solid-phase  radioimmunoassay  for  core  antigen  was 
instrumental  in  localizing  viral  DNA  polymerase  activity  to  the  core  of  the 
Dane  particle,  thus  strengthening  the  case  for  the  viral  nature  of  the  Dane 
particle.  (Purcell,  Feinstone,  Kapikian,  Gold,  Moritsugu, Peterson). 

Mycoplasma  pneumoniae: 

Last  year  we  described  the  production  and  characterization  of  a  series  of 
temperature  sensitive  (ts)  mutants  of  M.  pneumoniae,  the  etiologic  agent  of 
cold  agglutinin  positive  pneumonia.  Mutants  were  selected  which  were  restricted 
in  growth  on  agar  at  36°C,  37°C,  or  38°C.  At  these  temiperature  the  wild  type 
organism  grew  without  restriction.  Mutants  of  the  ts  class  were  sought  with 
the  expectation  that  their  temperature  sensitive  defects  would  restrict  growth 
in  vivo  at  the  temperature  of  the  lower  respiratory  tract  (37°C),  whereas 
replication  would  not  be  seriously  impaired  in  the  cooler  environment  of  the 
upper  respiratory  passages  (32°-34°C).  Mutants  which  were  completely  stable 
genetically  in  broth  medium  and  in  vivo  in  the  hamster  were  selected  for 
further  study.  These  mutants  were  found  to  be  attenuated  for  the  hamster  and 
to  stimulate  significant  resistance  to  subsequent  challenge  with  wild  type 
organisms.  The  first  mutant  to  be  tested  in  man  was  ts-640.  This  mutant 
proved  to  be  attenuated,  however,  it  retained  sufficient  residual  virulance 
to  disqualify  it  as  a  candidate  vaccine  strain.  Nonetheless,  the  results  of 
the  study  were  encouraging  since  ts-640  induced  a  significant  antibody  response 
in  the  volunteers  and  the  mutant  was  genetically  stable. 
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The  next  mutant  to  be  tested  in  man  was  ts-H43  which  was  more  temperature 
sensitive  than  the  ts-640  mutant.  Each  of  the  16  men  given  the  mutant  by  the 
intranasal  route  became  infected.  Thirteen  of  the  volunteers  shed  M.  pneumoniae, 
while  each  of  the  men  developed  a  significant  rise  in  serum  antibody  as 
measured  by  CF,  MI  and/or  MCT.  None  of  the  78  isolates  recovered  from  the 
volunteers  produced  colonies  on  agar  at  the  restrictive  temperature  of  38°C, 
whereas  colony  formation  was  efficient  at  the  permissive  temperature  of  32°C. 
A  more  stringent  test  for  genetic  alteration  of  the  ts  mutant  was  performed 
with  the  last  isolate  recovered  from  each  infected  volunteer.  The  last 
isolates  were  tested  for  efficiency  of  colony  formation  at  both  37°C  and 
38°C  in  water  baths  which  did  not  vary  in  temperature  more  than  0.05°C.  None 
of  the  last  isolates  produced  colonies  at  either  37°C  or  38°C.  These  findings 
suggest  that  the  ts-H43  mutant  did  not  undergo  a  change  in  its  ts  phenotype 
during  growth  in  man. 

Because  of  the  apparent  importance  of  local  immune  mechanisms  in  resistance  to 
M.  pneumoniae  disease  we  studied  the  secretory  IgA  antibody  response  of 
volunteers  infected  with  the  ts-H43  mutant.  Thirteen  of  the  16  men  were  able 
to  produce  serial  sputum  samples.  Eleven  of  these  men  (84/0  developed  a 
significant  (i.e.,  3-fold  or  greater)  increase  in  M.  pneumoniae  IgA  antibody 
as  measured  by  radioimmunoprecipitation  using  ^H-oleic  and  ^H-palmitic  acid 
labelled  organisms.  The  secretory  antibody  responses  to  ts-H43  appeared  to 
occur  as  frequently  and  to  be  of  the  same  magnitude  as  the  responses  of  the 
volunteers  who  were  infected  with  a  partially  attenuated  wild  type  (ts+)  sus- 
pension of  M.  pneumoniae.  In  addition,  the  secretory  antibody  responses  of  the 
ts-H43  infected  volunteers  were  similar  in  frequency  and  magnitude  to  those 
described  for  a  larger  group  of  men  infected  with  virulent  wild  type  M. 
pneumoniae. 

None  of  the  men  infected  with  the  ts-H43  mutant  developed  any  signs  or  symptoms 
of  illness  during  the  28  day  period  of  intensive  medical  surveillance  following 
administration  of  the  inoculum.  There  were  no  elevations  of  temperature  nor 
did  any  of  the  men  develop  any  signs  or  symptoms  involving  the  respiratory 
tract. 
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In  summary,  in  the  present  study  each  of  16  volunteers  underwent  a  completely 
silent  infection  with  mutant  ts-H43.  Infection  of  the  respiratory  tract  was 
extensive  enough,  however,  to  stimulate  a  moderate  local  secretory  antibody 
response  as  well  as  a  systemic  antibody  response.  These  observations  suggest 
that  the  ts-H43  organism  had  achieved  the  desired  balance  between  attenuation 
(defectiveness)  and  antigenicity.  The  development  of  a  respectable  local 
antibody  response  was  particularly  encouraging  because  of  the  mounting  evidence 
that  local  immunolgoical  factors  in  the  respiratory  tract  play  a  major  role  in 
protecting  the  host  against  M.  pneumoniae  disease. 

Preliminary  observations  from  a  challenge  of  ts-H43  vaccinees  with  partially 
attenuated  wild  type  (ts+)  M.  pneumoniae  suggested  that  the  mutant  had  induced 
resistance  to  infection.  In  the  challenge  study  resistance  to  illness  could 
not  be  evaluated,  however,  infection  with  wild  type  (ts+)  organisms  appeared 
to  be  suppressed  in  men  previously  given  the  ts-H43  mutant. 
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In  practical  terms  the  results  of  the  first  volunteer  studies  with  M.  pneunroniae 
mutant  ts-H43  are  sufficiently  encouraging  to  warrant  cautious  expansion  of 
trials  with  this  mutant  in  larger  numbers  of  volunteers.  Furthermore,  while 
several  attempts  to  use  temperature  sensitive  mutants  of  respiratory  viruses 
for  vaccine  purposes  have  yielded  encouraging  results,  the  present  effort 
represents  the  first  application  of  this  technique  to  free  living  organisms. 
The  promising  results  presented  here  may  offer  a  new  approach  toward  the  control 
of  other  bacterial  respiratory  pathogens.  (Greenberg,  Helms,  Chanock). 

Respiratory  Syncytial  Virus: 

Previous  work  indicated  that  the  7  existing^ stab! e^ temperature  sensitive  mutants 
of  RSV  could  be  placed  in  three  separate  complementation  groups.  The  first 
group  included  ts-1,  3,  4,  5  and  6,  mutants  produced  from  the  wild  type  A2 
strain  by  treatment  with  the  chemical  mutagen  5-FU.  The  second  group  included 
a  single  mutant,  ts-7,  produced  by  ethylmethanesulfonate.  The  third  group 
contained  ts-2  a  5-FU-induced  mutant  that  exhibited  altered  plaque  morphology 
and  considerable  leakiness.  Further  studies  of  these  mutants  indicated  that 
the  ts-7  lesion  probably  affected  an  earlier  function  than  those  affected  in 
the  other  mutants.  Our  current  work  has  further  clarified  the  physiology  of  these 
mutants  by  elucidating  patterns  of  virus-induced  RNA  production  in  mutant- 
infected  cells  grown  at  both  permissive  temperature  (32°C)  and  restrictive 
temperature  (39°C).  Attempts  were  made  to  examine  the  possibility  that  the 
mutant  RNA  polymerases  were  temperature  sensitive.  The  results  of  these 
studies  suggested  that  the  function  of  RNA  polymerase  at  restrictive 
temperature  was  not  affected  by  the  genetic  lesion  (or  lesions)  in  any  of  the 
ts  mutants. 
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Further  experiments  were  then  performed  to  examine  whether  some  step  prior  to 
RNA  synthesis  was  affected  in  each  of  the  mutants.  In  these  experiments  it 
was  found  that  ts-2,  the  leaky  mutant,  incorporated  ^H-uridine  into  RNA  with 
equal  facility  after  incubation  at  either  permissive  or  restrictive  temperature. 
These  results  indicated  that  all  the  mutants  except  ts-2  were  defective  in 
some  function  occurring  prior  to  RNA  synthesis  in  the  viral  growth  cycle. 
This  finding  seemed  somewhat  paradoxical  since  each  mutant  (with  the  exception 
of  ts-4)  had  been  shown  to  be  able  to  synthesize  some  viral  specific  protein 
when  grown  at  restrictive  temperature.  Thus,  protein  synthesis  occurred  at 
restrictive  temperature  in  the  absence  of  RNA  synthesis.  Workers  in  other 
laboratories  have  noted  similar  findings  in  the  case  of  temperature  sensitive 
mutants  of  vesicular  stomatitis  virus.  Possibly  the  paradox  can  be  explained 
by  assuming  that  different  enzymes  or  conditions  are  required  for  the 
transcriptive  and  replicative  aspects  of  viral  RNA  synthesis.  At  restrictive 
temperature,  the  mutants  appear  to  be  incapable  of  RNA  replication  but  may  be 
capable  of  initiating  a  small  amount  of  RNA  transcription  resulting  in  the 
formation  of  messenger  RNA  in  sufficient  quantities  to  direct  detectable 
amounts  of  protein  synthesis.  This  amount  of  RNA  might  not  be  sufficient  to 
be  detected  by  the  methods  employed.  The  methods  employed  might  be  sensitive 
enough  to  detect  RNA  synthesis  only  when  larger  quantities  of  messenger  RNA 
were  made  or  when  both  RNA  transcription  and  RNA  replication  were  occurring 
normally. 
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The  effects  of  a  glucose  analogue,  2-deoxy  D-glucose  (2-dG)  on  the  physiology 
of  RSV  and  of  parainfluenza  virus  type  3  (para  3)  and  of  measles  virus  were 
examined  in  detail  since  several  other  enveloped  viruses  were  recently  found 
to  be  readily  inhibited  by  this  drug  which  interferes  with  glycosalation  of 
envelope  glycoproteins.  2-dG  in  a  concentration  of  1  mM  or  greater  depressed 
replication  of  RSV,  para  3,  and  measles  viruses  and  dramatically  prevented 
the  production  of  cytopathic  effects  by  these  viruses.  2-dG  exerted  its 
effects  in  the  latter  half  of  the  viral  growth  cycle,  and  removal  of  the  agent 
at  midcyle  indicated  that  the  action  of  the  drug  was  completely  reversible. 
2-dG  led  to  a  cessation  of  viral  growth  within  2  hours.  Viral  growth  proceeded 
at  an  accelerated  pace  following  removal  of  the  drug  indicating  that  2-dG 
blocked  a  specif iv  step  in  virus  maturation  and  that  earlier  functions  occurred 
normally,  allowing  for  accelerated  growth  when  the  block  was  removed.  A  further 
indication  that  2-dG  allowed  at  least  some  viral  function  to  proceed  normally 
was  seen  in  immunofluorescent  studies  where  the  production  of  viral  antigens 
(as  indicated  by  indirect  immunofluorescence)  was  found  to  be  unimpaired  in  the 
presence  of  2-d6  at  a  concentration  as  high  as  10  mM.  Electron  microscopic 
(EM)  studies  were  carried  out  using  the  RSV  ts-2  mutant  which  produces  abundant 
viral  structures.  In  the  presence  of  2-dG,  ts-2  was  inhibited  to  the  same 
extent  as  wild  type  RSV.  When  2-dG  was  added  to  the  medium,  the  number  of 
virions  released  from  infected  cells  was  markedly  reduced.  Moreover,  those 
virions  which  were  released  seemed  to  be  denuded  of  surface  spike  projections. 
As  these  spikes  have  been  associated  with  glycoproteins  in  the  paramyxovirus 
group,  this  result  was  regarded  as  evidence  that  2-dG  interferes  with  glyco- 
peptide  metabolism  in  RSV  as  it  has  been  shown  with  other  enveloped  viruses. 

Because  of  its  marked  effect  in  vitro  2-dG  was  studied  for  a  possible  antiviral 
effect  in  vivo.  Thus  far,  we  have  been  unable  to  alter  the  course  of  RSV  or 
para  3  infection  in  hamsters  or  influenza  A  virus  infection  in  mice.  These 
negative  results  were  obtained  despite  the  fact  that  inhibitory  blood  concen- 
trations of  2-dG  were  obtained  by  means  of  parental  injection  of  the  drug.  It 
was  considered  likely  that  the  drug  did  not  reach  the  actual  site  of  viral 
infection,  viz.,  the  respiratory  epithelium.  Delivery  of  2-dG  by  aerosol, 
however,  did  not  result  in  inhibition  of  virus  growth  in  the  lungs.  (Hodes, 
Schnitzer,  Kalica,  Chanock). 
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During  the  past  year  considerable  progress  wa 
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transferred  from  an  older  ts 


vaccine  strain  to  a  recently  emerged,  epidemic  strain  possessing  new  surface 
glycoprotein  antigens.  For  example  when  the  forthcoming  influenza  A  (H4N3) 
(or  H4N2)  virus  emerges  we  will  transfer  the  ts-l[E]  lesions  into  the  new 
virus.  At  that  time  it  will  be  necessary  to  authenticate  the  successful  trans- 
fer of  the  ts-l[E]  lesions  to  the  new  epidemic  virus  by  crossing  the  H4N3 
(or  H4N2)  ts  recombinant  with  its  ts-l[E]  parent  (i.e.,  backcross),  the  mutants 
containing  the  2  single  ts-l[E]  lesions  and  finally  the  other  single  ts  mutants. 
Availability  of  single  lesion  ts  mutants  should  also  allow  us  to  define  the 
relationship  between  site  of  genetic  change  in  the  genome  and  attenuation  for 
experimental  animals  and  man. 

Pairwise  analysis  of  the  13  mutants  was  performed  by  the  monolayer  culture 
complementation-recombination  technique.  In  this  test  various  pairs  of  mutants 
were  mixed,  incubated  overnight  at  4°C  and  then  tested  for  their  capacity  to 
produce  plaques  on  monolayer  cultures  at  the  restrictive  temperature  of  39°C. 
None  of  the  ts  mutants  alone  were  able  to  produce  a  significant  number  of 
plaques  at  39°C,  whereas  certain  pairs  of  mutants  produced  plaques  at  the 
restrictive  temperature  with  high  efficiency.  When  plaques  developed  at 
39°C  following  mixed  infection  the  2  viruses  were  considered  to  possess 
distinct,  non-overlapping,  genetic  lesions;  presumably  each  virus  provided  for 
its  partner  in  the  cross  the  gene  product  (or  products)  which  was  defective 
in  the  other.  This  type  of  complementation  was  followed  by  reassortment 
of  viral  genes  and  the  production  of  wild  type  virions;  this  was  confirmed 
by  the  finding  that  90%  of  the  progeny  of  200  plaques  produced  at  39°C  by 
mixed  infection  with  various  pairs  of  ts  mutants  exhibited  the  wild  phenotype. 

Seven  of  the  13  mutants  or  recombinants  studied  appeared  to  possess  single, 
distinct  ts  lesions.  Tentatively  we  have  assigned  these  viruses  to  7 
complementation  groups.  This  number  of  complementation  groups  is  not  exhor- 
bitant  since  the  influenza  A  virus  genome  is  thought  to  contain  7  to  10  dis- 
crete pieces  of  RNA.  Some  of  the  mutants  exhibited  ambiguous  behavior  in  the 
complementation-recombinant  test  and  thus  cannot  be  adjudged  as  single  or 
multiple  mutants  or  assigned  to  the  tentative  complementation  groups. 

The  ts-l[E]  recombinant  of  influenza  A/Hong  Kong/1968  (H3N2)  was  shown  in 
previous  studies  to  possess  the  properties  desired  of  a  live  vaccine  virus, 
i.e.,  infectivity  for  man,  attenuation  and  non-transmissibility.  During 
the  past  year  the  ts-l[E]  virus  was  characterized  in  greater  detail  by  trans- 
ferring the  ts  lesion  (or  lesions)  to  other  influenza  A  viruses  and  studying 
(a)  the  manner  in  which  the  ts  lesion  segregated  and  the  genetic  relationship 
of  the  various  ts  recombinants  to  each  other;  (b)  the  segregation  of  ts  lesions 
with  respect  to  surface  glycoproteins;  and  (c)  the  relationship  of  the 
segregated  ts  lesions  to  temperature  sensitivity,  growth  in  the  lungs  of 
hamsters  and  virulence  for  man. 
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Hong  Kong  (H3N2)  ts-l[E]  virus  was  recombined  with  wild  type  influenza  A/Marton/ 
1943  (HONl)  for  the  following  reasons:  (a)  HONl  virus  differs  from  the  H3N2 
virus  in  both  surface  glycoproteins  thereby  permitting  exploration  of  the 
relation  of  the  ts-l[Ej  lesions  to  the  2  surface  antigens;  (b)  young  adults 
born  after  1947  lack  antibody  for  the  HO  antigen  and  therefore  could  serve 
as  seronegative  volunteers  in  studies  designed  to  evaluate  the  attenuation  of 
HO  ts  recombinants.  In  this  sense  the  production  and  evaluation  of  HO  ts-l[E] 
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recombinants  represents  a  model  for  the  attenuation  of  the  next  pandemic  virus 
(H4N3  or  H4N2).  Following  mixed  infection  of  bovine  kidney  cultures  with 
Hong  Kong  (H3N2)  ts-l[E]  virus  and  Marton  (HONl)  virus  300  clones  with  the 
HO  surface  antigen  were  examined  and  10%  were  found  to  be  ts.  Fifteen  of  the 
ts  clones  were  studied  in  greater  detail.  From  this  analysis  the  following 
information  emerged:  (a)  two  of  the  HO  ts-l[E]  recombinants  appeared  to  contain 
distinct  lesions  and  these  viruses  (Rl  and  R8)  did  not  undergo  complementation- 
recombination  with  their  H3N2  ts-l[E]  parent.  This  suggests  that  the  H3N2 
ts-l[E]  parent  contained  2  distinct  genetic  lesions;  (b)  the  majority  of  the 
HO  ts-l[E]  recombinants  appeared  to  have  received  both  (Rl  and  R8)  lesions; 
i.e.,  they  were  double  mutants;  (c)  one  of  the  putative  recombinants  (R9) 
underwent  interaction  with  Rl ,  R8,  the  other  double  recombinants  and  the  H3N2 
ts-l[E]  parent.  This  R9  virus  probably  represents  the  isolation  of  a 
spontaneous  mutant  and  re-emphasizes  one  of  the  dangers  inherent  in  genetic 
manipulations  with  influenza  A  viruses;  (d)  the  2  ts-l[E]  lesions  (Rl  and  R8) 
segregated  independently  of  the  neuraminidase  antigen.   Previously  it  had 
been  shown  (and  again  confirmed  in  the  present  studies)  that  neither  of  the 
ts-l[E]  lesions  were  located  on  the  gene  which  codes  for  the  hemagglutinin. 

The  observation  that  the  ts-l[E]  virus  lesions  are  not  related  to  either 
surface  antigen  is  of  some  importance  because  it  means  that  one  can  produce 
temperature  sensitive  ts-l[E]  recombinant  vaccines  with  any  desired  combination 
of  hemagglutinin  and  neuraminidase  antigens  as  new  antigenic  variants  emerge 
and  assume  public  health  importance. 

Following  the  emergence  of  the  1972  London  antigenic  variant  of  influenza  A 
(H3N2),  which  differed  appreciably  from  the  1968  Hong  Kong  virus,  we  produced 
ts-l[E]  recombinants  of  the  1972  virus.  Recombinants  were  selected  following 
mixed  infection  with  wild  type  Udorn  1972  virus  (identical  to  the  1972  London 
prototype)  and  Hong  Kong  ts-l[E]  virus.  Since  both  viruses  were  within  the 
same  H3N2  subtype  it  was  necessary  to  treat  the  progeny  of  the  mixed  infection 
with  antiserum  monospecific  for  the  1968  H3  antigen  at  a  dilution  which  did 
not  neutralize  virus  bearing  the  1972  H3  antigen.  Of  42  plaques  analyzed 
29%  were  temperature  sensitive  and  the  virus  progeny  bore  the  1972  H3  antigen. 
Seven  of  these  ts  recombinants  were  studied  in  greater  detail  and  it  was  found 
that  4  had  a  39°C  shutoff  temperature,  while  3  were  restricted  at  38°C  like 
the  1968  Hong  Kong  ts-lE]  parent.  None  of  the  7  recombinants  recombined  with 
each  other  or  with  the  1968  H3N2  ts-l[E]  parent  or  with  Rll  (an  HO  ts-l[E] 
recombinant  carrying  both  ts-l[E]  lesions).  However,  the  39°C  shutoff  mutants 
behaved  like  the  HO  Rl  recombinant  and  recombined  with  the  HO  R8  recombinant 
but  not  Rl  or  Rll.  In  contrast  the  3  38°C  shutoff  recombinants  received  both 
ts-l[E]  lesions,  while  only  one  lesion  (Rl)  was  transferred  to  the  4  39°C 
mutants. 

In  the  hamster  growth  of  the  38°C  shutoff  mutants  in  the  lungs  was  reduced  at 
least  300-fold  compared  to  wild  type  virus,  while  the  39°C  mutants  exhibited 
an  intermediate  pattern  of  virus  replication  in  the  lungs.  G'^owth  of  the 
ts  recombinants  was  more  restricted  in  the  lungs  than  in  the  nasal  turbinates. 
This  is  not  surprising  since  the  temperature  of  the  hamster' i  lungs  is  approx- 
imately 37°C,  whereas  the  turbinates  are  considerably  cooler  (32-34°C).  This 
type  of  differential  suppression  of  growth  of  ts  viruses  in  lungs  versus 
turbinates  was  also  seen  with  the  1968  Hong  Kong  ts  mutants  and  the  HO  ts-l[E] 
recombinants  and  appears  to  be  a  general  phenomenon. 
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Reversion  to  wild  type  virus  was  seen  occasionally  on  direct  assay  of  the  ' 
lungs  of  hamsters  infected  with  Hong  Kong  ts-l[E]  virus  but  not  with  a  38°C 
Udorn  ts-l[E]  recombinant.  However,  when  tissue  culture  isolates  were  examined 
revertants  were  detected  with  greater  frequency,  but  the  majority  of  virus 
in  the  lung  retained  its  ts  phenotype.  Reversion  was  seen  considerably  less 
frequently  in  nasal  turbinate  grown  virus,  probably  because  the  lower  ambient 
temperature  (32-34°C)  in  the  nose  exerted  less  selective  pressure  than  the 
higher  temperature  of  the  lungs  (37°C). 

Two  of  the  Udorn  ts-l[E]  recombinants  were  evaluated  in  seronegative  volunteers-- 
clone  13  with  a  39°C  shutoff  temperature  and  clone  16  with  a  38°C  shutoff 
temperature.  Fifteen  of  the  19  men  given  clone  13  virus  were  infected  and  4 
developed  mild  but  definite  febrile  respiratory  illness.  This  clone  is  pre- 
sumed to  contain  only  one  of  the  2  ts-l[E]  lesions.  Ten  of  the  16  men  given  the 
clone  16  virus  were  infected  but  none  of  the  volunteers  became  ill.  Clone  16 
is  presumed  to  contain  both  ts-l[E]  lesions.  Thus,  the  recombinant  which 
contained  only  one  of  the  2  ts-l[E]  lesions  appeared  to  be  less  temperature 
sensitive,  less  restricted  in  vivo  in  the  hamster  and  less  attenuated  in  man 
than  the  putative  double  recombinant  (which  contained  both  ts-l[E]  lesions). 
At  this  time  our  experience  with  the  Udorn  ts-l[E]  recombinants  conforms  to  our 
working  hypothesis  that  the  defined  ts-l[E]  lesions  are  associated  with  a 
predictable  level  of  attenuation  when  transferred  into  a  wild  type  influenza 
A  virus  bearing  new  surface  antigens.  (Murphy,  Richman,  Stewart,  Chanock). 

Mycoplasma: 
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The  role  of  mycoplasma  toxins  and  other  membrane  or  cell-associated  factors 
in  these  organisms  that  may  account  for  their  attachment  and  toxicity  to  host 
tissue  cells  are  under  intensive  investigation.  There  are  increasing  reports 
of  neurological  disease  associated  with  M.  pneumoniae  infections  in  man  and  . 
studies  on  the  most  well  known  neurotoxic  mycoplasma  (M.  neuro1yticum)can 
provide  basic  information  on  biological  factors  required  for  the  elaboration 
of  toxin  and  the  chemical  nature  of  this  toxin.  Our  finding  of  a  neurotoxic 
effect  in  primates  reported  here  is  the  first  evidence  that  the  toxin  of 
M.  neurolyticum  might  be  involved  in  neurologic  disease  in  hosts  other  than 
rodents.  Primates  also  might  be  the  logical  host  to  assess  the  role  of  other 
mycoplasmas  of  human  origin  in  neurologic  disease. 
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Carbohydrates,  including  glycoprotei 
to  represent  only  a  minor  component 
plasmas.  However,  there  is  increasi 
play  a  major  role  in  the  serological 
there  is  speculation  that  carbohydra 
the  adsorption  of  mycoplasmas  to  hos 
year  suggesting  the  presence  of  expo 
plasma  membranes  adds  another  dimens 
membrane.  Further  investigation  on 
action  of  mycoplasmas  and  tissue  eel 


ns,  glycol ipids  and  polysaccharides  appear 
of  the  total  membrane  constituents  of  myco- 
ng  evidence  that  several  of  these  substances 
activity  of  some  pathogenic  mycoplasmas  and 
te-containing  compounds  are  involved  in 
t  cells.  The  indirect  evidence  obtained  this 
sed  carbohydrates  on  the  surface  of  myco- 
ion  to  the  structure  of  the  mycoplasma 
the  role  of  these  compounds  in  the  inter- 
Is  is  clearly  indicated.  (Tully). 
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This  was  a  long  term,  intensive  study  of  the  illness  and  microbial  ex- 
perience of  infants  and  children  at  Junior  Village,  a  District  of  Coluiibia 
Welfare  Institution.  This  study  began  in  July  of  1955^  and  the  field  por- 
tion of  the  study  was  discontinued  on  May  21,  1969. 

Basic  Objectives: 

The  general  objective  was  to  maintain  under  observation  a  population  group 
suitable  for  epidemiologic  study  of  the  occurrence  of  infections  and  disease 
and,  in  addition,  to  study  host -parasite -disease  relationships  as  they  occur 
naturally  and  as  they  could  be  altered  by  vaccines  and/or  chemo -prophylactic 
agents.  A  concerted  effort  was  made  to  (a)  find  new  microbiologic  agents 
which  cause  disease;  (b)  find  methods  of  identification  of  these  agents; 
(c)  define  modes  of  spread  of  infectious  agents ;  and  (d)  find  methods  for 
prevention  and  treatment  of  acute  illnesses,  particularly  respiratory  ill- 
nesses. 

Methods  Enployed  and  Patient  Material: 

The  field  portion  of  this  study  was  discontinued  on  May  21,  1969.  The 
epidemiologic  setting  was  described  in  detail  in  previous  annual  reports. 
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Currently,  most  of  the  original  throat  swab  specinEns  from  the  study  are 
stored  at  -70°C  for  the  study  of  coronaviruses  when  suitable  rrEthods  for 
their  propagation  become  available;  in  addition,  anal  swab  specimens  are 
stored  at  -20°C  for  the  study  of  gastroenteritis  agents  when  suitable  methods 
for  their  propagation  are  found  and  for  electrcn  microscopic  studies  as  well. 

Maj  or  Findings : 

Epidemiology  of  Rhinovirus  Infection  and  Characterization  of  Rhinoviruses  - 
As  we  described  in  last  years'  annual  report,  most  respiratory  viruses  have 
been  studied  extensively  at  Junior  Village.  However,  one  major  group  uhich 
has  not  been  studied  extensively  has  been  the  rhinoviruses  since  antisera 
were  not  available  for  many  serotypes  and  as  a  result  typing  of  strains  on  a 
limited  basis  was  generally  unsuccessful.  However,  with  the  conpletion  of 
the  second  phase  of  the  rhinovirus  collaborative  pi-ogram  and  the  availability 
of  antisera  to  all  89  serotypes  and  the  one  subtype,  efforts  will  be  made  to 
study  the  epidemiology  of  the  numerous  rhinovirus  serot>'pes  at  Junior  Village. 
Thus  far,  acid  lability  tests  have  been  carried  out  on  344  viral  isolates  from 
222  residents  and  122  viruses  have  been  found  to  be  acid  labile.  No  additional 
testing  was  carried  out  since  the  previous  report. 

An  Outbreak  of  Infectious  Lymphocytosis  -  As  described  in  last  years  and  pre- 
"vious  annual  reports ,  this  outbreak  occurred  in  a  four  month  period  when  at 
least  22  cases  of  acute  infectious  lymphocytosis  were  discovered.  The  leuko- 
cyte counts  varied  from  20,000  to  94,000  per  mm.  with  a  relative  lynpho- 
cytosis  on  the  average  of  approximately  80%.  Routine  viral,  bacterial,  fungal, 
and  parasitic  studies  were  performed  on  specimens  obtained  during  the  out- 
break and  no  definitive  etiologic  agent  was  found.  Renewed  attenpts  ulll  be 
made  to  isolate  or  detect  an  etiologic  agent  by  using  newer  techniques  such 
as  organ  cultures,  experimental  cell  cultures,  and  iimune  electron  micros- 
copy. The  occurrence  of  EB  virus  infection  in  10  children  with  infectious 
lynphocytosis  was  studied  using  the  immunofluorescent  technique.  These 
studies  which  were  reported  in  a  previous  annual  report  revealed  that  none 
of  6  children  without  pre-existing  antibody,  and  none  of  4  with  such  anti- 
body developed  four-fold  or  greater  EB  virus  antibody  rises.  In  addition, 
paired  sera  from  9  of  the  10  children  were  tested  by  the  CF  technique  for 
e-vidence  of  infection  with  cytomegalovirus  (CMV)  and  herpes  sinplex  virus 
(HSV) ;  no  rises  to  CMV  and  one  to  HSV  were  detected.  No  studies  on  this 
outbreak  were  carried  out  in  addition  to  those  described  in  last  year's 
and  previous  annual  reports. 

Seroepidemiological  Studies  of  Coronavirus  Infections -In  last  year's  and  a 
previous  annual  report ,  we  described  the  incidence  of  OC  43  and  229E  virus  in- 
fections as  determined  by  serologic  (CF)  tests  of  paired  sera  obtained  from 
children  admitted  to  Junior  Village  between  October  15  and  Deceirber  15 
during  the  years  1961  through  1968.  This  period  had  been  selected  in  an 
attenpt  to  bracket  the  "winter"  seasons  with  a  serum  collected  on  admission 
to  the  cottage  and  a  serum  taken  several  months  later  since  it  had  been 
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shown  that  adult  coranavirus  infections  \<ere  prevalent  during  both  a  'Vinter' 
and  "winter-early  spring"  period.  Since  it  was  found  that  23  (161)  of  148 
children  developed  significant  CF  antibody  rises  to  OC43  virus  (in  contrast, 
however,  only  1  of  149  developed  such  a  229E  virus  antibody  rise),  these 
seroepidemiologic  studies   were   extended  to  include  sera  obtained  during 
all  periods  of  the  year.  In  addition,  in  these  expanded  studies,  the  sera 
are  tested   not   only  by  the  CF  technique  for  229E  and  0C43  virus  antibody, 
but  also  by  the  HI  technique  for  OC43  virus  antibody.  These  seroepidemiologic 
studies  will  be  continued  and  further  analysis  made  in  an  attempt  to  determine 
the  inportance  of  coronavi ruses  in  this  population.  Selected  throat  swab 
specimens  will  also  be  tested  in  HEI  MA- 177  cell  cultures  in  an  attenpt  to 
recover  coronaviruses  from  those  periods  shown  by  serologic  tests  to  have  had 
a  high  incidence  of  coronavirus  infections. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 

This  project  represents  a  systematic  approach  to  determining  the  various 
etiologies  of  acute  febrile  illnesses.  Since  carefully  gathered  epidemio- 
logical data  and  clinical  specimens  are  available,  this  project  also  offers 
an  unusual  opportunity  for  the  study  of  the  epidemiologic  patterns  of  in- 
fections associated  with  newly  discovered  agents.  We  will  attempt  to  study 
the  role,  if  any,  of  the  reovirus-like  gastroenteritis  agent  in  nonbacterial 
gastroenteritis  among  residents  of  Junior  Village  since  both  sera  and  anal 
swab  specimens  are  available. 

Proposed  Course  of  Project : 

The  field  portion  of  this  study  was  discontinued  on  May  21 ,  1969 ,when  it 
became  apparent  that  vaccine  studies  could  not  be  carried  out  in  this  popu- 
lation. Studies  relating  to  this  project  will  be  continued  as  long  as 
profitable. 
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Project  Description 


Objectives:   (1)  To  search  for  viruses  which  may  play  an  etiological  role  in 
the  syndrome  of  acute  infectious  nonbacterial  gastroenteritis  of  infants, 
children,  and  adults.  (2)  to  cultivate  (in  vitro)  the  viral  agent (s)  of 
acute  infectious  nonbacterial  gastroenteritis ;  (3)  to  study  the  biophysical, 
immunological,  and  epidemiological  characteristics  of  such  agent (s)  ;  (4) 
to  reproduce  the  syndrome  experimentally  in  volunteers  for  the  purpose 
of  a)  studying  the  pathophysiological  and  immunological  responses  of  the 
host,  and  b)  assaying  the  infectivity  of  such  viral  agents. 

Nfethods  Employed 

(1)  Further  clinical  materials  were  received  from  additional  recent  out- 
breaks of  acute  infectious  nonbacterial  gastroenteritis:  Cairp  Nicodemus, 
Carroll  County,  Maryland  (courtesy  of  Dr.  William  Barker,  NCDQ  ;Passavant 
Hospital),  Chicago,  111.  (courtesy  of  Dr.  R.  Kaslow,  Northwestern  Uhiversity)  ; 
William  ^  Mary  College  (courtesy  of  Dr.  Richard  Cilly);  Maryland  Nursing 
Home  (courtesy  Dr.  Young,  Ntt.  State  Health  Department);  Bellevue  Hospital, 
N.Y. ,  N.Y.  (courtesy  Dr.  R.  M.  Maulitz,  NCDC-NYC,  Department  of  Health; 
Washington,  D.C.  (courtesy  Dr.  D.  Wallis,  D.C. Health  Department).  Materials 
were  also  collected  from  infants  and  children  hospitalized  at  D.C. Children's 
Hospital,  Washington,  D.C,  as  a  part  of  a  preliminary  search  for  viral 
agents  of  gastroenteritis  in  that  age  group. 

(2)  Two  percent  stool  filtrates  were  prepared  by  cent rifugat ion  and  Millipore 
membrane  filtration.  Selected  filtrates  were  further  concentrated  by  Ami con 
ultrafiltration  and  purified  by  density  gradient  ultracentrifugation  tech- 
niques . 

(3)  Using  stool  filtrate  as  a  source  of  antigen  and  paired  sera  from  natur- 
ally occurring  and  experimentally  induced  cases  of  acute  infectious  non- 
bacterial gastroenteritis  serologic  tests  were  performed  utilizing  immune 
electron  microscopy,  conplement- fixation,  and  indirect  fluorescent  anti- 
body staining  tediniques. 

(4)  Chinpanzees ,  rhesus  monkeys,  baboons  and  calves  were  administered  orally 
a  stool  filtrate  derived  from  the  Norwalk,  Ohio  outbreak  of  nonbacterial 
gastroenteritis  in  an  attenpt  to  demonstrate  an  animal  model  for  this  disease. 

(5)  Further  volunteer  studies  were  carried  out  using  stool  filtrate  prepara- 
tions and  human  fetal  intestinal  organ  culture -derived  materials.  Studies 
were  done  at  the  NTH  Clinical  Center;  General  Clinical  Research  Center, 
University  Hospital,  Boston,  Mass. ;  and  the  Maryland  House  of  Correction, 
Jessup,  Nferyland. 

Major  Findings: 

I.  Further  Studies  with  the  Norwalk  Agent  of  Acute  Infectious  Nonbacterial 
Gastroenteritis  - 
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(A)     Siuimaiy  of  Previous  Findings   -  Using  inmiune  electron  microscopy    a    27  nm 
particle  was  visualized  in  a  diarrheal  stool  filtrate   (8FIIa)   from  an  in- 
dividual whose  disease  had  been  experimentally  induced  by  administration  of 
a  Norwalk- derived  stool  filtrate.     It  was  possible  to  use  this  technique  to 
assess  levels  of  serum  antibody  to  the  particle  and  to  detect  antibody  rises 
following  both  naturally  occurring  illness  and  illness  induced  by  Norwalk- 
derived  filtrates.     Based  on  this  and  other  evidence,  it  was  postulated  that 
the  27  nm  particle  was  the  etiologic  agent  of  this  particular  outbreak  of 
acute  gastroenteritis .     The  Norwalk  particle  was  subsequently  banded  by 
ultracentrifugation  in  cesium  chloride,  and  the  distribution  of  particles 
was  determined  by  imnune  electron  microscopy.     It  was  found  to  have  a  buoy- 
ant density  of  1.38-1.41  g/cm^,  and  on  the  oasis  of  this  and  other  data,  it 
was  suggested  that  the  27  nm  particle  was  parvovirus -like. 
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(B)     Particle  shedding  -  To  further  define  the  Norwalk  particle  as  the  etio- 
logic  agent  of  the  Norwalk,  Ohio  outbreak, we  attempted  to  visualize  this    ■ 
particle  in  stools  of  volunteers  experimentally  infected  with  the  Norwalk - 
derived  stool  filtrate .     In  addition  we  examined  the  relationship  between 
the  appearance  of  the  Norwalk  particle  in  stool  during  the  course  of  ex- 
perimental infection  and  the  onset  of  symptomatic  illness. 
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Stool  filtrates  were  prepared  as  a  2%   suspension  in  veal  infusion  broth 
and  filtered  as  previously  described.  Immune  electron  microscopy  was  per- 
formed on  each  stool  filtrate  using  an  aliquot  of  a  single  4-week  convales- 
cent antiserum.  This  antiserum  was  selected  because  it  contained  a  high 
level  of  antibody  and,  when  present,  the  Norwalk  agent  appeared  as  single 
particles  or  small  aggregates  heavily  coated  with  antibody.  These  conditions 
not  only  allowed  easy  identification  of  the  Norwalk  agent  but  also  more 
evenly  distributed  the  Norwalk  agent  over  the  grid  and  allowed  more  reliable 
particle  counting. 

Stool  specimens  from  23  volunteers,  viho  became  clinically  ill  after  inocu- 
lation with  the  Norwalk  agent,  were  examined  in  this  study.  The  Noru'alk 
agent  was  visualized  by  inmune  electron  microscopy  in  a  specimen  (or 
specimens)  from  11  of  the  23  volunteers. 
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A  total  of  77  stool  filtrates  were  examined  by  immune  electron  microscopy 
from,  these  23  volunteers.     The  Norwalk  agent  was  detected  in  25  of  53 
specimens  collected  during  the  first  72  hrs  after  onset  of  clinical  illness. 
Two  of  12  specimens  obtained  after  72  hrs  were  positive  while  none  of  12 
specimens  obtained  before  the  onset  of  illness  were  positive. 

The  presence  of  the  Norwalk  agent  in  stool  filtrates  shortly  after  the  onset 
of  clinical  illness  and  the  failure  to  find  the  Norwalk  agent  before  the  on- 
set of  clinical  synptoms  or  after  recover}'  from  illness  further  suggests  that 
it  is  the  etiologic  agent  of  acute  gastroenteritis  of  the  Noriv'alk,  Ohio 
outbreak . 
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CC)  Infectiai  of  Oiinpanr.ees  with  Norwalk  Agent  -  The  8FIIa  stool  filtrate 
containing  the  Nonvalx  agent  was  administered  by  stomach  tube  to  chimpanzees 
in  an  attenpt  to  induce  experimental  disease  in  the  species.  Significant 
post -challenge  serum  antibody  rises  to  the  27  nm  Norwalk  virus- like  particle 
were  demonstrated  in  all  animals,  using  inmune  electron  microscopy.  Overt 
clinical  illness,  characterized  by  diarrhea  and/or  vomiting,  did  not  occur. 
Transmission  of  infection  was  attenpted  subsequently  by  feeding  additional 
chimpanzees  a  stool  filtrate  prepared  from  one  of  the  previously  challenged 
animals .  Development  of  an  antibody  response  to  the  particle  in  chimpanzees 
given  this  passage  filtrate  suggested  that  viral  replication  had  occurred  in 
chinpanzees  in  the  absence  of  definite  clinical  illness.  This  animal  model 
should  facilitate  further  investigations  with  viral  agents  of  acute  gastro- 
enteric disease.  Rhesus  monkeys,  baboons,  and  calves  did  not  develop  serum 
antibody  responses  when  given  the  same  filtrate  orally. 

(D)  Biophysical  purification  of  the  Norwalk  agent  -  Attenpts  were  made  to 
purify  the  Norwalk  agent  from  stool  specimens  obtained  from  volunteers  ex- 
perimentally infected  with  Norwalk  stool  filtrates.  Stool  filtrates  were 
prepared  as  previously  described  and  then  concentrated  (lOx)  in  an  Amicon 
ultrafiltration  system.  These  lOx  concentrates  were  then  purified  both  by 
rate  sedimentation  and  isopycnic  banding  in  cesium  chloride.  Norwalk  par- 
ticle containing  fractions  of  2,  3,  and  4-step  banded  material  were  labeled 
with  Nal^^^using  either  chloramine-T  or  lactoperoxidase.  Assessments  of 
purity  of  the  fraction  were  made  by  electron  microscopy,  W  absorption 
analysis.and  polyacrylimide  gel  electrophoresis  of  Nal^"  labeled  specimens. 
The  major  problems  encountered  during  these  studies  have  been  two -fold: 

(1)  two  and  even  three-step  banded  stool  filtrates  did  not  attain  the  purity 
necessar>'  for  specific  labeling  and  (2)  losses  during  the  process  of  puri- 
fication plus  the  low  titer  of  Norwalk  particle  present  in  the  original 
stool  filtrates  resulted  in  such  a  low  concentration  of  particles  after  the 
fourth  step  purification  that  specific  labeling  was  not  possible.  Present 
studies  have  involved  inmuno chemical  techniques  to  enhance  purification 
without  associated  loss  of  particles. 

In  addition,  during  the  course  of  determining  shedding  of  the  Norwalk 
agent  we  have  examined  many  diarrheal  stools  and  assessed  particle  con- 
centration. When  a  high  titered  stool  is  found,  we  have  prepared  a  large 
stool  filtrate  from  this  material  and  used  the  filtrate  as  a  source  of 
antigen. 

(E)  Serologic  assay  of  Norwalk  agent  -  At  present  immune  electron  micros- 
copy is  the  only~ serologic  test  avail'able  for  assay  of  Norwalk  specific 
antibod)'.  Conplement  fixation  tests  using  Norwalk  filtrates  as  an  antigen 
source  and  either  paired  sera  from  experimentally  infected  volunteers  or 
hype rimmuni zed  guinea  pig  sera  have  not  yielded  specific  results.  Hem- 
agglutination has  been  seen  with  Norwalk -derived  filtrates  but  hemagglu- 
tination inhibition  by  convalescent  Norwalk  antiserum  was  not  obtained. 
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In  addition,  hemagglutination  was  seen  with  stool  filtrates  derived  from  con- 
trol stool  specimens  and  the  presence  of  a  soluble  hemagglutination  is  not 
due  to  the  presence  of  the  Noru-alk  particle. 

Countercurrent  immune  electrophoresis  using  Norwalk  stool  filtrates  as  the 
antigen  source  and  paired  sera  from  experimentally  infected  volunteers  or 
hyperimmunized  guinea  pigs  has  not  been  conclusive. 

A  double  antibody  precipitation  radioimnunoassay  using  Nal^^^  labeled  par- 
tially purified  Norwalk  containing  material  was  attempted.     The  lack  of 
specificity  of  this  test  probably  reflects  the  lack  of  purification  of  the 
labeled  antigen  source,     IgG  fractions  from  paired  sera  of  an  experimentally 
infected  volunteer  were  labeled  with  Nal^^s  ^^^  ^5g^  j^^  ^  solid  phase  radio- 
immunoassay system.     Lack  of  specificity  found  thus  far  in  this  test  probably 
reflects  the  low  titer  of  Norwalk  agent  specific  antibody  present  in  these 
IgG  fractions.     Present  studies  involve  purification  of  Noru'alk  specific 
antibody  from  these  IgG  fractions. 

II.     Further  Studies  with  the_Hawaii  Agent  of  Acute  Infectious  Nonbacterial 
Gastroenteritis   -     '  ' 

(A)  Histopathologic'al  Findings   -  In  collaboration  with  Dr.  Raphael  Dolin  and 
Dr.  Arnold  Levy,  the  intestinal  histopathology  induced  by  the  Hawaii  agent 
was  investigated.     This  study  was  carried  out  in  a  similar  fashion  to  the 
previous  investigation  of  the  histopathology  induced  by  the  Norwalk  agent. 
Jejunal  biopsies  were  obtained  from  7  normal  volunteers   (a)  prior  to,    (h) 

48  hrs.  after,  and  (c)  at  least  2  weeks  after  oral  administration  of  the 
Hawaii  agent  of  nonbacterial  gastroenteritis.     Tissue  obtained  was  pro- 
cessed for  light  microscopy,  electron  microscopy,  adenyl  cyclase  analysis, 
fluorescent  staining,  and  in  vitro  propagation  of  tissue  explants.     Four  of 
the  seven  volunteers  developed  definite  typical  illness  and  one  of  the  volun- 
teers had  probable  illness;  two  volunteers  developed  no  synptoms.     The 
evaluation  of  tissue  by  microscopic  techniques,  thus  far,  reveals  a  reversible 
lesion  of  the  jejunum  characterized  by  blunting  of  villi  and  a  mild  mono- 
nuclear cell  infiltrate,  in  addition  to  blunted  microvilli,  swollen  mito- 
chondria, and  amorphous  electron  dense  material  in  intercellular  spaces. 
There  were  no  detectable  abnormalties  of  the  biopsy  tissue  analyzed  for 
adenyl  cyclase,  and  no  fluorescent  stainable  antigen  could  be  demonstrated 
in  acute  phase  biopsies  using  indirect  immuno fluorescent  techniques. 

(B)  Immune  Electron  Microscopic  Studies  of  Hawaii  Outbreak- deiived  Filtrate 

On  examination  of  additional  diarrheal  stool  filtrates  from  volunteers  ill 
with  Hawaii  agent-induced  gastroenteritis,  a  small  entero-or  parvovirus -like 
particle  was  identified.     IVhen  the  filtrates  containing  this  particle  were 
mixed  with  a  convalescent  serum  diluted  (1:5)   from  a  volunteer  previously  ill 
with  Hawaii -induced  disease,  the  particle  was  observed  to  be  ia  aggregates, 
and  it  appeared  to  be  covered  with  antibody.     A  large  21  stool  filtrate 
(21DIIi),  using  the  stool  with  most  particles,  was  made  for  further  studies. 
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It  was  necessary  to  concentrate  the  stool  filtrate  used  in  these  studies 
asing  an  Amicon  ultrafiltration  apparatus  in  order  to  consistently  visualize 
enough  particles  to  assess  antibody  level  in  serum.     Paired  sera  were  then 
tested  using  the  technique  as  had  previously  been  done  with  the  Norwalk 
particle.     Using  acute  and  convalescent  sera  from  the  original  case  of 
Hawaii  disease,  a  significant  antibody  response  was  observ^ed.     Subsequently 
paired  sera  from.  10  volunteers  ill  with  Hawaii -induced  gastroenteritis  were 
tested  and  7  of  the  10  had  significant  antibody  responses.     Three  additional 
volunteers  had  a  demonstrable  level  of  antibody  in  the  pre-serum  iN^iich  was 
conparable  to  that  found  in  the  convalescent  serum.     Paired  sera  from  persons 
ill  with  hepatitis  A  or  Norwalk- induced  gastroenteritis  did  not  demonstrate 
serum  antibody  increases  to  the  Hawaii  particle.     Further  studies  are  now 
underway  to  confirm  these  findings  and  to  characterize  the  Hawaii  particle 
using  biophysical  methods. 

(C)     Additional  Organ  Culture  Studies  with  Hawaii  Agent  -  Additional  attempts 
were  made  to  cultivate  in  vitro  the  Hawaii  agent  using  human  fetal  intestin- 
al organ  cultures.     It  Had  appeared  that  3  of  14  men  who  received  11th 
passage  organ  culture  material  had  become  ill,  and  an  additional  experiment 
was  designed  to  investigate  this  further.     The  inoculum  used  in  these 
studies   (21-11)  was  carried  two  additional  passages  in  intestinal  organ 
culture,  and  the  resulting  tissue  culture  fluids   (21-13)  were  administered 
orally  to  4  volunteers.     None  of  these  volunteers  developed  any  signs  or 
syriptoms  of  gastroenteritis.     This  would  suggest  that  the  Hawaii  agent  does 
not  replicate  consistently  in  intestinal  organ  culture,  or  perh^s  that  virus 
attenuation  may  have  occurred. 

III.     Nonbacterial  Gastroenteritis  of  Infants  and  Qiildren  - 
(A)     Detection  of  Reovirus-like  Particles  by  Iwune  Electron  Microscopy  and 
Complement  Fixation  -  We  recently  expanded  our  gastroenteritis  studies  which 
had  been  limited  to  outbreaks  in  schools,  institutions,  the  military,  and 
families,  to  include  infants  and  young  children  admitted  to  the  Children's 
Hospital  of  the  District  of  Columbia  with  acute  gastroenteritis.     Prior  to 
studies  by  Bishop,  et  al. ,  Flewett  et  al.,  and  Bortolussi,  et  al.,  attempts 
to  find  such  agents  in  this  age  group  had  been  almost  conpletely  unsuccessful, 

Filtrates  of  stools  collected  during  January,  February  and  March,  1974  from 
21  infants  and  children  2  to  20  months  of  age  who  had  gastroenteritis  with 
vomiting  and/or  diarrhea  severe  enough  to  warrant  hospitalization  were 
studied  for  the  presence  of  viral  agents  by  immune  electron  microscopy  (lEM) 
and  in  some  instances  by  conventional  electron  microscopy  as  well.     Stool 
filtrates  from  14  of  the  patients  were  tested  using  their  convalescent  serum. 
In  7  instances,  convalescent  serum  was  not  available  for  use  in  the  lEM  test; 
stool  filtrates  from  these  7  patients  were  examined  using  a  convalescent 
serum  from  either  of  2  patients   (Ru  and  B) .     Virus  particles  with  charac- 
teristic reovirus-like  morphology  were  visualized  in  stool  filtrates   from 
13   (621)   of  the  21  patients.     A  total  of  44  stools  was  collected  from  the 
21  children  and  26  were  positive  for  the  reovirus-like  agent.     The  particles 
were  so  distinct  in  morphology  and  in  most  instances  so  numerous  that  of  the 
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19  vinos -containing  filtrates  examined  by  both  conventional  and  immune  elec- 
tron microscopy  each  was  positive  by  both  methods.     The  particles  present 
in  the  26  positive  stools  appeared  to  be  similar  morphologically  and  had 
a  definite  capsomere  structure.     They  resent) led  the  reovi ruses  or  orbi- 
viruses  morphologically.     The  diameter  varied  from  approximately  67  to 
73  nm  with  an  average  of  approximately  70  nm.     Many  of  the  particles 
appeared  to  have  a  definite  double  shelled  capsid;  "enpty"  particles  were 
seen  occasionally. 

We  also  examined  stools  from  14  controls  \\?ho  included  infants  and  children 
admitted  to  the  hospital  during  February  and  March,  1974,  for  respirator)' 
disease,  and  others  returning  for  well  baby  care  and  we  were  unable  to  de- 
tect reovirus-like  particles  in  13  of  these  control  stool  filtrates.  Reo- 
virus-like  particles  were  detected  in  a  filtrate  derived  from  a  stool  from 
a  2  month  old  infant  admitted  to  the  hospital  with  pneumonia.     Hovv-ever,  this 
infant  developed  diarrhea  shortly  after  admission  to  the  hospital.     The 
controls  were  not  matched  precisely  in  time  with  the  diarrhea  group. 

We  used  a  stool  filtrate  which  had  readily  detectable  particles  to  examine 
acute  and  convalescent  sera  from  the  gastroenteritis  patients  for  antibody 
to  this  reovirus-like  agent  by  lEM.     0.2  ml  of  a  1:5  dilution  of  uninacti- 
vated  serum  was  mixed  with  0.8  ml  of  the  stool  filtrate  and  incubated  over- 
night  (at  least  17  hours)  at  room  tenperature  and  then  prepared  for  elec- 
tron microscopy.     The  relative  concentration  of  antibody  in  each  serum 
was  estimated  by  scoring  the  amount  of  antibody  coating  the  particle  on  a 
0  to  4+  scale  as  determined  by  electron  microscopy. 

Paired  sera  from  4  patients  were  examined  by  this  technique  for  antibody  to 
the  homologous  agent  present  in  stool ;  each  individual  demonstrated  sero- 
logic evidence  of  infection  to  the  reovirus-like  agent.     We  also  tested 
paired  sera  from  each  of  these  patients  and  from  an  additional  patient  with 
gastroenteritis  from  whom  a  stool  was  not  obtained,  for  antibocfy  to  ■virus 
particle  present  in  the  stool  filtrate  of  patient  Ru.     Each  of  the  five 
infants  had  serologic  (lEM)  evidence  of  infection  with  the  reovirus-like 
agent  indicating  that  the  agentswhich  infected  these  patients  were  either 
identical  antigenically  or  very  closely  related. 

We  also  were  able  to  develop  a  complement -fixation  test  for  the  reovirus- 
like  agent  by  utilizing  as  CF  antigen  a  21  stool  filtrate  from  one  of  the 
patients   (D) .     In  this  test  system  using  32-64  units  of  antigen,  we  not 
only  confirmed  the  above  described  serologic  (lEM)  evidence  of  infection 
in  5  patients  but  also  found  that  the  remaining  5  reovirus-like  positive 
gastroenteritis  patients  with  paired  sera  had  serologic   (CF)  evidence  of 
infection.     The  varying  dates  of  serum  acquisition  and  differing  residences 
of  the  patients  makes  it  most  unlikely  that  a  single  adventitious  agent  was 
responsible  for  these  infection.     It  is  noteworthy  that  paired  sera  were 
also  available  from  4  infants  and  children  whose  filtrates  were  negative 
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for  reovirus-like  agent  and  each  failed  to  develop  a  significant  seroresponse 
to  the  CF  antigen.     In  addition,  we  tested  paired  sera  from  4  volunteers 
who  developed  illness  following  challenge  with  the  Norwalk  agent  and  a 
significant  increase  in  lEM  antibody  to  the  Norwalk  agent  during  conval- 
escence; none  of  the  4  volunteers  developed  a  seroresponse  to  the  reovirus- 
like  CF  antigen.     However,  each  of  the  4  men  had  pre-existing  CF  antibo(fy. 
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Failure  of  Norwalk- infected  voltnteers  to  develop  a  seroresponse 
to  the  reovirus-like  antigen  as  well  as  the  lack  of  a  significant  response 
of  the  4  diarrhea  patients  who  did  not  have  reovirus-like  particles  in  their 
stools  suggests  that  the  responses  of  the  particle -positive  diarrhea  patients 
were  specific  and  not  a  manifestation  of  enteric  disease  in  general.     Fur- 
ther evidence  of  specificity  was  provided  by  our  failure  to  detect  a  CF 
antibody  response  in  paired  sera  from  volunteers  infected  with  nonbacterial 
gastroenteritis  agents  derived  from  6  separate  family  or  institutional  out- 
breaks.    In  addition,  CF  tests  with  paired  sera  from  10  other  community -wide , 
institutional,  or  family  outbreaks  of  gastroenteritis  failed  to  demonstrate 
a  relationship  to  the  reovirus-like  agent. 

We  also  were  able  to  demonstrate  that  the  reovirus-like  antigen  from  patient 
D  was  distinct  from  reovirus  types  1,  2,  and  3.     In  addition,  paired  sera 
from  3  patients  who  developed  seroresponses  to  the  reovirus-like  CF  antigen 
were  tested  for  CF  antibody  response  to  reovirus  types  1,  2  and  3  and  no 
seroresponse  to  any  of  the  reoviruses  was  observed.     We  also  found  that  the 
reovirus-like  CF  antigen  failed  to  react  with  a  1:4  dilution  of  3  different 
polyvalent   immune  mouse  ascitic  fluids  which  contained  CF  antibody  to  all 
described  orbiviruses  except  that  of  African  horse  sickness.     From  these 
data,  it  appears  that  the  reovirus-like  agent  is  distinct  antigenically  from 
the  known  reoviruses  and  from  all  orbiviruses  for  which  antisera  are  avail- 
able. 
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Since  the  reovirus-like  agent  resembled  morphologically  the  epizootic  diar- 
rhea of  infant  mice   (EDD-f)   virus  which  causes  a  diarrheal  disease  in  suck- 
ling mice,  we  utilized  the  CF  test  to  determine  if  an  antigenic  relation- 
ship existed  between  these  agents.     The  reovirus-like  CF  antigen  reacted 
with  EDIM  immune  mouse  serum  to  high  titer.     In  addition,  paired  sera  from 
9  of  the  infants  and  children  and  children  who  developed  gastroenteritis 
and  had  serologic  evidence  of  infection  with  the  reovirus-like  CF  antigen 
were  tested  for  a  seroresponse  to  the  EDIM  virus  by  CF.     Two  individuals 
developed  a  significant  CF  antibody  response  to  the  EDIM  antigen.     From 
these  studies  it  appears  that  the  reovirus-like  agent  is  related  antigeni- 
cally to  the  EDIM  virus. 

Since  the  reovirus-like  agent  also  resembled  morphologically  the  Nebraska 
calf  diarrhea  virus   (NCDV)  which  causes  a  severe  diarrheal  disease  in  neo- 
natal calves,  we  utilized  both  lEM  and  CF  techniques  to  determine  if  an 
antigenic  relationship  existed  between  these  agents.     In  studies  by  lEM, 
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we  found  that  a  1:5  dilution  of  NCDl''  immune  rabbit  serum  had  significant 
antibody  to  the  reovirus-like  particle.     In  addition,  32  units  of  the  reo- 
virus-like  CF  antigen  reacted  with  a  1:40  dilution  of  the  NCDV  immune  rab- 
bit serum.     It  appears  from  these  studies  that  the  reovirus-like  agent  is 
related  to  the  NCDV  also. 

We  have  observed  a  reovirus-like  agent  in  stools  of  infants  and  children 
with  gastroenteritis  and  have  for  the  first  time  demonstrated  serologic 
eivdence  of  infection  with  this  agent,  the  latter  acconplished  by  both  lEM 
and  complement -fixation.     These  findings  along  with  the  absence  of  such 
particles  in  stools  obtained  from  children  without  gastroenteritis  suggests 
that  this  reovirus-like  agent  was  the  etiologic  agent  of  the  gastroenteritis 
observ^ed  in  a  majority  of  the  hospitalized  children.     We  have  also  demon- 
strated that  the  reovirus-like  agent  is  antigenically  related  to  the  EDIM 
virus  and  the  NCDV.     In  addition,  development  of  a  CF  test  for  antibody  to 
this  reovirus-like  antigen  could  greatly  facilitate  laborator>'  and  sero- 
epidemiologic  studies  of  the  agent.     Preliminary  seroepidemiologic  sur- 
veys in  adults  from  many  parts  of  the  U.S.   reveals  that  CF  antibody  to  the 
reovirus-like  antigen  is  quite  conrnon  in  serum  from  adults  indicating  that 
this  agent  or  a  related  agent  is  relatively  ubiquitous.     It  is  possible  that 
this  reovirus-like  particle  \stl11  emerge  as  a  major  etiologic  agent  of  in- 
fantile diarrhea.     Additional  studies  are  in  progress  to  determine  if  this 
reovirus-like  agent  belongs  to  the  orbivirus  or  reovirus  subgroi^)  of  the 
reoviridae  family. 

(B)     Propagation  of  the  Reovirus-like  Agent  from  Stools  of  Infants  and 
Children  with  SJdnbacterial  Gastroenteritis  Using  Human  Fetal  Intestinal 
Organ  Culture  -  Using  indirect  immunofluorescent  tecHniques,  fluorescent 
stainable  antigen  has  been  demonstrated  in  human  fetal  intestinal  organ 
cultures  inoculated  with  stool  filtrates  derived  from  infants  and  children 
with  nonbacterial  gastroenteritis.     Using  convalescent  serum,  4+  cyto- 
plasmic staining  has  been  observed  primarily  in  epithelial  cells  whereas 
staining  was  not  seen  with  acute  phase  serum.     A  serological  response  to 
the  detectable  antigen  was  demonstrated  by  staining  with  dilutions  of 
acute  and  convalescent  sera  from  these  patients,  and  reovirus-like  particles 
have  been  observed  in  an  organ  culture -derived  tissue  and  fluid  mixture. 
Previous  attenpts  to  cultivate  this  reo-virus-like  agent  have  been  unsuc- 
cessful. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Acute  infectious  nonbacterial  gastroenteritis  is  a  common  infectious  disease 
which  affects  a  broad  segment  of  the  population  and  was  the  second  most 
common  disease  observed  in  a  10  year  family  study.     Ultimate  goals  of  pre- 
vention and  therapy  have  been  furthered  by  (1)  the  detection  and  preliminary 
characterization  of  three  postulated  etiologic  agents  of  this  disease, (2) 
the  development  of  serologic  assay  systems  by  which  the  epidemiologic  im- 
portance of  the  disease  can  be  determined  and  (3)   the  ability  to  cultivate 
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in  vitro  one  of  these  agents.  Specifically,  the  progress  in  studying  the 
reovirus-like  agent (s)  of  gastroenteritis  in  infants  and  young  children 
represents  a  significant  step  in  understanding  this  disease  of  probable 
world-wide  inportance. 

Proposed  Course  of  the  Project: 

Intensive  study  of  etiologic  agent (s)  from  outbreaks  of  acute  infectious 
nonbacterial  gastroenteritis  will  continue,  using  known  infectious  materials 
obtained  through  volunteer  studies.  Clinical  materials  from  new  outbreaks 
and  sporadic  cases  of  gastroenteritis  will  be  studied  using  laboratory 
methods  which  have  proved  successful  in  previous  investigations .  In  vitro 
propagation  of  the  agent (s)  will  be  studied  further  using  a  variety  of  cell 
and  organ  culture  systems.  Further  biophysical  purification  and  charac- 
terization of  these  agents,  development  of  more  sensitive  serologic  assay 
systems,  and  methods  for  rapid  diagnosis  of  this  disease  will  be  major  goals. 
The  study  of  nonhuman  primates  and  other  species  of  animals  as  models  for 
acute  infectious  nonbacterial  gastroenteritis  will  be  pursued. 
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Honors  and  Awards: 

Invited  speaker  at  Gustav  Stem  Symposium  on  Perspectives  in  Virology  IX 
in  New  York,  New  York.  Presentation  entitled  "Detection  by  immune  micros- 
copy of  fastidious  agents  associated  with  respiratory  illness,  nonbacterial 
gastroenteritis,  and  hepatitis  A".  (Dr.  Kapikian)  [February  4,  1973]. 
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Project  Description 

Objectives:  (1)  To  search  for  new  agents  responsible  for  respiratory  disease 
in  infants  and  children;  (2)  to  delineate  the  epidemiology  and  pathogenesis 
of  viruses  which  have  been  recently  associated  with  respiratory  disease; 
(3)  to  define  the  major  determinants  of  host  resistance  to  infection  and 
illness;  (4)  to  continue  the  surveillance  of  viruses  previously  established 
as  playing  a  role  in  respiratory  disease,  i.e.,  the  epidemiology  and  contri- 
bution to  overall  respiratory  disease  experience  during  infancy  and  childhood; 
(5)  to  evaluate  experimental  vaccines  for  safety,  antigenicity.,  and  effective- 
ness against  naturally  occurring  respiratory  tract  disease. 

Methods  Employed: 

Infants  and  children  with  respiratory  disease  and  suitable  control  subjects 
without  such  disease  are  studied  at  the  Children's  Hospital,  District  of 
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Columbia.  The  main  emphasis  is  on  the  use  of  various  tissue  culture  systems 
and  artificial  media  for  the  recovery  of  viruses  and  mycoplasmas.  All 
specimens  from  the  patients  are  inoculated  directly  into  tissue  cultures 
and  onto  mycoplasma  media  without  prior  freezing  and  thawing,  if  feasible. 
In  addition  to  specimens  for  isolation  of  viruses  and  mycoplasma,  serial  nasal 
washings  are  taken  to  study  respiratory  tract  secretory  antibody  response. 

After  the  various  agents  have  been  identified,  their  contribution  to  the 
different  respiratory  disease  syndromes  is  estimated  by  comparing  the  recovery 
rate  from  such  groups  with  that  observed  for  healthy  children  free  of  respira- 
tory symptoms.  In  addition,  children  with  severe  respiratory  disease  admitted 
to  the  hospital  as  well  as  comparable  control  subjects,  are  studied  serologically 
for  evidence  of  infection  with  the  known  respiratory  viruses  and  mycoplasmas 
as  well  as  any  new  agents  which  might  emerge  as  potentially  important  pathogens 
during  the  course  of  the  study. 

Respiratory  viruses  which  are  attenuated  by  exposure  to  a  chemical  mutagen 
and  which  exhibit  no  virulence  for  adult  volunteers  are  administered  to  children 
under  carefully  controlled  conditions  in  the  isolation  unit  of  the  Children's 
Hospital  Clinical  Research  Center.  As  in  other  studies,  parental  consent  is 
obtained  in  each  instance.  Vaccinees  are  observed  closely  for  evidence  of 
illness  and  specimens  are  taken  for  the  study  of  virus  excretion  pattern,  serum 
antibody  response  and  local  secretory  antibody  response. 

Major  Findings: 

Parainfluenza  Viruses  -  These  viruses  have  continued  to  be  recognized  as 
important  pediatric  respiratory  pathogens  since  we  isolated  the  first  strains 
from  man  16  to  19  years  ago.  Most  of  the  reports  of  the  epidemiology  of  para- 
influenza virus  infection  have  been  concerned  with  relatively  small  numbers 
of  infected  individuals  or  a  rather  short  span  of  study.  During  the  past  year, 
to  help  rectify  this  situation  the  cumulative  parainfluenza  experience  from  the 
Children's  Hospital  Study  1957-1972  was  analyzed.  A  parainfluenza  virus  was 
recovered  from  8.3%  of  16,400  patients  with  respiratory  disease  and  from  0.7% 
of  8,800  control  subjects.  Type  1  (3.2%)  and  type  3  (3.4%)  viruses  were 
recovered  most  frequently  from  respiratory  patients,  while  types  2  (1.3%)  and 
type  4  (0.4%)  viruses  were  encountered  less  often.  The  major  associations  of 
parainfluenza  viruses  with  disease  were  (a)  type  1  with  croup  (16.5%  isolation 
frequency)  (b)  type  2  with  croup  (9.6%)  (c)  type  3  with  croup  (6.2%)  (d)  type 
3  with  moderately  severe  upper  respiratory  disease  (3.9%),  and  (e)  type  1  with 
moderately  severe  upper  respiratory  disease  (2.9%).  When  the  results  of 
serologic  study  (CF)  were  added  to  the  virus  isolation  data  41%  of  patients 
with  croup  were  found  to  have  been  infected  with  a  parainfluenr.a  virus;  for 
pediatric  patients  with  pneumonia  the  frequency  of  infection  was  14.4%. 

The  most  interesting  overall  aspect  of  parainfluenza  virus  epidemiology  involved 
the  alteration  of  years  of  prevalence  with  years  of  relative  scarcity  of 
infection.  For  example,  type  2  and  type  3  viruses  were  prevalent  during  odd 
numbered  years  while  type  1  virus  was  prevalent  during  even  numbered  years. 
The  reasons  for  these  2  year  cycles  of  prevalence  are  not  understood  at  this 
time. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Respiratory  disease  is  the  most  common  ailment  of  man,  particularly  during 
infancy  and  early  childhood  when  many  of  the  most  serious  expressions  of  such 
illness  occur.  Detailed  knowledge  of  the  agents  responsible  for  respiratory 
tract  disease  and  an  understanding  of  their  natural  history  are  necessary 
before  effective  prevention  can  be  achieved. 

Proposed  Course  of  Project: 

It  is  planned  that  this  study  will  continue  for  a  period  of  years  since  a 
large  segment  of  respiratory  disease  in  infancy  and  childhood  remains  to  be 
explained--approximately  40%.  In  addition,  viruses  responsible  for  respiratory 
illness  vary  in  different  times  and  in  different  localities;  therefore, 
surveillance  should  continue  in  order  to  comprehend  the  larger  picture. 
Efforts  to  increase  our  understanding  of  the  pathogenesis  of  viral  and 
mycoplasmal  lower  respiratory  tract  disease  of  infancy  and  childhood  will 
continue. 

Honors  and  Awards: 

Director  Internationl  Reference  Laboratory  for  Respiratory  Viruses  other  than 
Influenza,  World  Health  Organization. 

Director  International  Reference  Laboratory  for  Mycoplasmas,  World  Health 
Organization. 

Member  International  Subcommittee  on  Taxonomy  of  the  Mycoplasmatales, 
International  Committee  on  Nomenclature  of  Bacteria  of  the  International 
Association  of  Microbiological  Societies. 

Served  on  Editorial  Boards  of  American  Journal  of  Epidemiology  and  Journal 
of  Infectious  Diseases. 

Inducted  into  the  National  Academy  of  Sciences,  April,  1974. 

Participated  in  review  meetings  of  the  Ad  Hoc  Study  Group  R&D  Command  U.S. 
Army  Department  of  Defense,  December,  1973  and  March,  1974. 

Publications: 

Kim,  H.W.,  Arrobio,  J.O.,  Brandt,  CD.,  Wright,  P.,  Hodes,  D.  ,  Chanock,  R.M., 
and  Parrott,  R.H.:  Safety  and  antigenicity  of  temperature  sensitive  (ts) 
mutants  of  respiratory  syncytial  virus  (RSV)  in  infants  and  children. 
Pediatrics  52:  56-63,  1973. 

Kim,  H.W.,  Arrobio,  J.O.,  Brandt,  CD.,  Jeffries,  B.C.,  Pyles,  G. ,  Reid,  J.L., 
Chanock,  R.M.,  and  Parrott,  R.H.:  Epidemiology  of  respiratory  syncytial  virus 
infection  in  Washington,  D.C  I.  Importance  of  the  virus  in  different 
respiratory  tract  disease  syndromes  and  temporal  distribution  of  infection. 
Am.  J.  Epidemiol.  98:  216-225,  1973. 
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Parrott,  R.H.,  Kim,  H.W.  ,  Arrobio,  J.O.,  Hodes,  D. ,  Murphy,  B.R.,  Brandt,  CD., 
Camargo,  E.,  and  Chanock  R.M. :  Epidemiology  of  respiratory  syncytial  virus 
infection  in  Washington,  D.C.  II.  Infection  and  disease  with  respect  to  age, 
immunologic  status,  race  and  sex.  Am.  J.  Epidemiol.  98:  289-300,  1973. 

Brandt,  CD.,  Kim,  H.W.,  Arrobio,  J.O.,  Jeffries,  B.C.,  Wood,  S.C,  Chanock, 
R.M. ,  and  Parrott,  R.H.:  Epidemiology  and  respiratory  syncytial  virus  infection 
in  Washington,  D.C  III.  Composite  analysis  of  eleven  consecutive  yearly  epidemics. 
Am.  J.  Epidemiol.  98:  355-364,  1973. 

Chanock,  R.M.:  Vaccines  for  non-bacterial  disease  of  the  lower  respiratory 
tract.  In  Kirkpatrick  and  Reynolds  (eds.)  Immunologic  Reactions  of  the  Lung, 
NHLI  Monograph,  New  York,  N.Y.,  Marcfel  Dekker,  Inc.,  In  press. 
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Project  Description 

Objectives:      (1)  To  determine  the  role  of  known  viruses  and  bacteria  as 
etiologic  agents  of  acute  upper  respiratory  illnesses  in  adult  populations; 
(2)   to  find  and  characterize  new  agents  which  may  be  human  respiratory  tract 
pathogens;    (3)   to  investigate  the  sensitivity  of  new  experimental  cell  cul- 
ture systems  for  the  isolation  of  rhinoviruses  and  the  more  recently  des- 
cribed human  coronavi ruses ;   (4)  to  find  new  methods  for  the  detection  of 
fastidious  agents  associated  with  respiratory  illness. 
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Methods  Enployed: 


(A)  National  Institutes  of  Health  (NIH)  Volunteer  Study:  The  current  study 
began  on  September  9,  1965  and  continues  to  the  present.   (An  earlier  simi- 
lar study  began  in  1962  and  was  terminated  in  1964)  .  Employees  of  NIH  with 
respiratory  illnesses  volunteer  a  nasal-nasopharyngeal  washing,  a  throat 
swab,  and  a  blood  specimen  during  the  acute  phase  of  a  respiratory  illness. 
An  additional  similar  washing  and  a  blood  specimen  are  obtained  3-4  weeks 
later  when  the  volunteer  has  recovered  from  the  illness.  All  of  the  acute 
wasMngs  are  routinely  inoculated  into  cell  cultures  of  primary  monkey  kid- 
ney (MK) ,  Hep -2,  HDCS  WI-38,  primary  human  embryonic  kidney,  human  embryonic 
intestine  MA  177,  and  in  addition, more  recently  into  BS-C-1  cell  cultures 
also.  HDCS  WI-26  cultures  and  human  aorta  (AT- 39)  cell  cultures  were  also 
used  earlier  in  the  study.  In  addition,  the  first  50  convalescent  nasal 
washings  and  subsequently  1  of  4  such  washings  obtained  through  October  28, 
1968,  were  tested  in  cell  cultures  also.  Guinea  pig  erythrocytes  are  em- 
ployed in  hemadsorption  tests  in  monkey  kidney  cell  cultures  for  detection 
of  myxoviruses  whereas  rat  erythrocytes  are  employed  similarly  in  BS-C-1 
cell  cultures  for  detection  of  OC43  related  co ronavi ruses ;  rat  red  blood 
cells  have  been  found  to  hemadsorb  to  OC43  \i.rus- infected  cell  cultures, 
a  finding  reported  in  a  previous  annual  report. 

The  throat  swab  is  tested  for  beta  (6)  hemolytic  streptococci  (in  our  labora- 
tory) ,  and  in  addition,  beginning  in  March,  1969  for  s t rept ococc i . hemoph i - 
lus  influenzae,  and  other  bacteria,  by  the  Clinical  Center  Clinical  Patho- 
logy Microbiology  Service  (Dr.  MacLowry) ;  if  6 -hemolytic  streptococci  are 
isolated  they  are  grouped  by  the  Microbiology  Service.  In  addition,  some 
of  the  nasal  washings  have  also  been  tested  for  staphylococci  with  sub- 
sequent phage  typing  of  recovered  organisms  (Dr.  Dockstader) . 

In  an  attempt  to  find  new  agents,  acute  illness  specimens  which  were  nega- 
tive for  known  viruses  in  the  tissue  cultures  outlined  above,  are  passaged 
three  times  in  human  embryonic  tracheal  organ  cultures.  The  third  passage 
harvest  is  clarified,  concentrated,  negatively  stained  with  phosphotungstic 
acid  and  examined  by  electron  microscopy  for  the  presence  of  coronavirus- 
like  or  other  particles.  In  addition,  the  harvest  from  the  third  passage 
is  routinely  inoculated  into  the  cell  cultures  outlined  above  to  determine 
if  a  cytopathogenic  agent  is  recoverable.  Recently,  the  additional  techni- 
que of  "imnune  electron  microscopy"  has  been  employed  in  an  attenpt  to  iden- 
tify new  agents  from  washings  which  have  failed  to  yield  viral  pathogens  by 
other  methods.  A  description  of  these  studies  is  presented  u.ider  Project 
72A,  "New  Techniques  for  Recovery  of  Respiratory  Tract  Viruses". 
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Maj  or  Findings : 

From  September  9,  1965  to  April  30,  1974,  a  total  of  722  illnesses  were 
studied  in  the  NIH,  LID  Common  Cold  Study.  A  total  of  only  14  illnesses 
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were  studied  from  April  1,  1973  to  April   30,   1974.     From  0  to  35  were  studied 
each  month;  some  volunteers  were  in  the  study  more  than  once.     At  least  one 
viral  agent  was  recovered  or  identified  from  304    (42%)   of  the  722  patients; 
only  2  patients  yielded  more  than  one  viral  agent.      6-hemolytic  strep- 
tococci were  recovered  from  29  study  patients   (2  were  group  A,  6  group  B, 

5  group  C,   3  group  F,  7  group  K,  2  non-groupable,  and  4  not  groiped) .  Three 
volunteers  shed  both  a  B-hemolytic  streptococcus  (not  grouped)  and  a  rhino- 
virus-  like  agent,  and  two  shed  a  e-hemolytic  streptococcus   (one  not  grouped 
and  the  other  non-groupable)  and  an  adenovirus;  ten  shed  both  a  6-hemolytic 
streptococcus  belonging  to  groups  other  than  A  and  a  viral  agent.     Two  volun- 
teers shed  2  viruses  simultaneously  -  one  both  parainfluenza  type  3  and  an 
adenovirus,  and  the  other  both  a  rhinovirus  and  parainfluenza  virus  type  2. 
204  (67%)  of  the  303  virus  isolations  were  classified  as  rhinoviruses   (202 
were  acid  labile  and  chloroform  stable,  2  have  not  yet  been  similarly  tested 
but  have  characteristic  rhinovirus -like  O'E,  and  one  (816)  was  detected  by 
lEM  and  is  included  as  a  rhinovirus  since  it  has  rhinovirus -like  morphology), 
whereas  18  (61)  were  identified  as  adenoviruses,  9   (31)  as  herpes  simplex, 

11   (4%)   as  influenza  A2,  7  (2%)   influenza  B,  6   (2%)  parainfluenza  type  1, 
9  (3%)  parainfluenza  type  2,  4  parainfluenza  t)T3e  3,  2  parainfluenza  type  4, 

6  respiratory  syncytial,  23  (81)  coronaviruses  (15  "229E-like",  one  each  of 
OC  strains  OC37,  38,  43,  48,  692,  700  and  1  untyped  presunptive  coronavirus 
tissue  culture  strain  [859])and  3  unclassified  viruses  (740,  799,  820,  839, 
1314). 

As  shown  above,  rhinoviruses  were  by  far  the  most  frequently  recovered  group 
of  agents  as  they  were  recovered  from  281  of  the  study  patients.     However, 
the  epidemiological  pattern  of  rhinovirus  infections  has  been  noteworthy  as 
the  frequency  of  such  infections  has  decreased  during  the  first  8  "winter 
seasons"  of  the  study  (December,  January  and  February)   in  comparison  to  per- 
iods of  hi^er  prevalence  during  preceding  "fall  seasons"   (September,  Octo- 
ber, and  November)    (Results  from  the  1973-1974  fall  and  winter  season  are  not 
included  since  so  few  patients  entered  the  study).     For  8  years  combined, 
rhinoviruses  have  been  recovered  from  109  ( 441)  of  the  248  study  patients 
during  the  "fall  periods"  and  from  only  17  (9%)  of  199  during  the  "winter 
periods".     This  difference  in  rhinovirus  isolation  rate  is  statistically 
significant  at  the   .0001  level.     During  the  "winter  periods"  other  known 
respiratory  virus  agents  were  also  recovered  infrequently  using  conventional 
techniques . 

Attenpts  to  recover  the  etiologic  agents  of  respiratory  illnesses  occurring 
during  these  fallow  periods  have  been  a  major  effort  of  this  laboratory.  These 
efforts  have  been  fruitful  with  the  use  of  two  culture  techniques,  human 
embryonic  tracheal  organ  cultures  and  human  embryonic  intestine  MA  177  cell 
cultures,  and  in  addition  the  use  of  the  techniques  of  both  immune  electron 
microscopy  and  conventional  electron  microscopy.     Details  on  the  use  of  these 
techniques  have  been  presented  in  previous  annual  reports  and  additional  in- 
formation on  their  use  is  presented  in  project  number  72A.     In  brief,  12  of 
the  23  definite  or  presumed  coronaviruses  identified  in  this  study  were 
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isolated  from  washings  obtained  in  Decenber,  January  or  February,  9 
from  washings  obtained  in  March,  and  two  in  April.     Although  specimens  ob- 
tained in  the  "winter"  or  winter-early  spring"  periods  have  been  tested  most 
intensively,  serologic  studies  from  two  such  periods  support  the  view  that 
coronavirus  infections  with  OC43  and  229E  viruses  may  be  inportant  etiologic 
agents  of  acute  upper  respiratory  illnesses  in  adults.     In  these  serologic 
(CF)   studies  of  paired  sera  presented  in  previous  annual  reports ,  corona- 
viruses  were  the  predominant  identifiable  infecting  organism  associated  with 
non- influenzal  adult  respiratory  disease. 

Paired  sera  obtained  from  patients  admitted  to  the  study  during  the  5  year 
period  from  Septenber  1965  throu^  August   1970  were  tested  for  serologic  (CF) 
evidence  of  infection  utilizing  numerous  respiratory  agent  antigens.     In 
addition,  such  sera  were  also  tested  by  the  HI  technique  for  evidence  of 
infection  with  OC43  virus.     One  hundred  ten   (20%)  of  541  patients  developed 
significant  CF  and/or  HI  antibody  rises;  10  of  the  110  had  simultaneous  in- 
creases in  antibody  to  two  agents  belonging  to  different  antigenic  groups, 
and  one  had  such  increases  to  3  such  agents  for  a  total  of  122  rises.     Of 
the  122  rises,  16  were  to  the  parainfluenza  viruses,  3  to  adenovirus,  7  to 
RS  virus,  17  to  influenza  A  virus,  9  to  influenza  B  virus,  31  to  corona- 
viruses  OC38  and/ or  OC43  and/or  NH\''-A59,   32  to  coronavirus  229E,  4  to 
herpes  simplex  ■virus  and  3  to  M.  pneumoniae.     It  is  noteworthy  that  more  than 
one -half  (63  of  110)   of  the  CF  antibody  increases  were  to  the  coronavirus 
antigens. 
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Further  analysis  of  the  data  revealed  that  specimens  from  541  study  patients 
were  tested  by  both  virus  isolation  and  serologic  techniques  for  evidence  of 
infection  during  the  five-year  period,  September  1965  through  August  1970; 
such  evidence  by  either  virus  isolation  or  serologic   (CF,  or  HI  for  OC43 
virus)  techniques  or  both  was  found  in  300  (55%)  of  the  541  stud>'  patients. 
In  addition,  2  patients  had  a  group  A  beta-hemol>'tic  streptococcal  infection. 
It  was  of  interest  that  62   (11%)   of  the  541  patients  studied  by  virus  isola- 
tion and  serologic  methods  had  serologic  and/or  viral  isolation  evidence  of 
coronavirus  infection  -  26   (5%)  with  229E  and/or  "229E-like"  viruses  alone, 
23    (41)  with  members  of  the  OC38  and/ or  OC43  and/or  ^f^V-A59  virus  groim  alone, 
2  with  other  presunptive  or  definite  coronavi ruses ,  5  (1%)  with  more  tnan 
one  coronavirus  only,  4  (1%)  with  a  coronavirus  and  an  agent  of  a  different 
virus  family,  2  with  more  than  one  coronavirus  and  an  agent  of  a  different 
virus  family,  and  one  with  a  coronavirus  and  M.  pneumoniae.     Evidence  of 
infection  in  a  single  individual  with  either  J  or  all  of  the  OC38,  OC43, 
MIV-A59  group  was  tabulated  as  a  single  coronavirus  infection. 

Seroepidemiologic  Studies  of  Coronavirus  Infections  in  a  College  Population  - 

This  study  was  reported  in  detail  in  last  year's  annual  report.     In  brief, 
it  was  found  that  19   (17%)   of  the  110  students  developed  significant  corona- 
virus CF  antibody  rises  -  12  to  229E  and  7  to  OC38  and/or  OC43  and/or  MH\''-A59 
viruses.     In  addition,  prevalence  data  indicated  that  infection  with  OC43 
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or  OC43-related  agents  was  very  commcn  whereas  229E  virus  infection  occurred 
less  frequently.      It  appears   from  this  and  previously  reported  studies  that 
OC43  virus  infections  in  adults  occur  predominantly  as  reinfections,  a 
pattern  similar  to  that  observed  with  both  RS  and  parainfluenza  3  virus 
infections  in  adults.     A  definitive  conclusion  concerning  the  relative  im- 
portance of  the  coronavi ruses  as  etiologic  agents  of  acute  respiratory  dis- 
eases must  await  the  development  of  suitable  sensitive  methods  for  their 
cultivation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute  - 

These  studies  are  aimed  at  evaluating  the  role  of  knoi\m  viruses  and  certain 
bacteria  as  etiologic  agents  of  adult  respiratory  diseases  and  at  finding 
new  agents  which  cause  these  illnesses.     It  was  noteworthy  that  with  the 
use  of  both  virus  isolation  and  serologic  techniques  551  of  the  illnesses 
studied  among  NIH,  LID  Common  Cold  Study  volunteers  were  found  to  be  asso- 
ciated with  a  viral  agent.     In  addition,  the  recovery  of  coronaviruses  during 
certain  "winter"  and  "winter-early  spring"  periods  when  non- influenzal  res- 
piratory illnesses  were  prevalent  but  virus  isolation  rates  paradoxically 
low  was  noteworthy.     It  appears  that  with  the  use  of  new  techniques  such  as 
organ  cultures,  experimental  cell  cultures,   immune  electron  microscopy  and 
conventional  electron  microscopy,  new  agents  can  be  identified  during  such 
previously  fallow  periods.     Elucidation  of  the  etiology  of  most  upper  res- 
priatory  illnesses  during  repeated  respiratory'  disease  seasons  must  be  ac- 
conplished  before  attempts  at  prevention  of  such  illnesses  can  be  fruitful. 

Proposed  Course  of  Project: 

These  studies  which  attempt  to  find  new  agents  associated  with  adult  respira- 
tory illnesses  will  be  continued  as  efforts  to  identify  such  agents  by  using 
human  embryonic  organ  cultures,  experimental  cell  cultures^  and  electron 
microscopy  have  been  rewarding. 

Honors  and  Aivards :    Invited  member  of  Committee  en  Communicable  Disease  Con- 
trol of  the  American  Public  Health  Association  (Dr.  Kapikian) .  Collaborators 
and  members  are  revising  "Control  of  Conmunicable  Diseases  in  Man"  for  the 
12th  edition. 

Publications:     None 
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Objectives:  (1)  To  produce  conditional  lethal  temperature-sensitive  (ts) 
mutants  of  myxovi ruses,  paramyxoviruses  and  RS  virus  for  possible  use  in  live 
attenuated  vaccines;(2)  to  study  the  genetic  basis  for  attenuation  shown  by 
temperature  sensitive  mutants;  (3)  to  define  the  relative  importance  of  the 
various  host  defense  mechanisms  in  resistance  to  myxovirus  and  paramyxovirus 
infection  and  disease. 


Methods  Employed: 

Influenza  -   Influenza  A  virus  suspensions  were  initially  prepared  in  bovine 
kidney  (BK)   tissue  culture.     Mutagenesis  of  influenza  A/HK/45/68  (H3N2)  was 
accomplished  by  growth  of  this  virus  in  BK  roller  tube  cultures  in  the  presence 
of  medium  containing  10-2.5M  5-fluorouracil .     High  titered  stocks  of  virus 
for  use  in  volunteer  studies  and  for  genetic  characterization  of  temperature 
sensitive  mutants  were  prepared  by  growing  the  bovine  kidney  passaged  virus  in 
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the  allantoic  sac  of  either  avian  leukosis  free  eggs  (for  volunteer  studies) 
or  of  ordinary  embryonated  eggs  (for  strains  to  be  used  for  laboratory 
characterizatiorj. 

Genetic  analysis  of  temperature  sensitive  mutants  was  accomplished  in  the 
following  manner.  In  the  plate  complementation-recombination  technique 
allantoic  fluid  suspensions  of  different  mutant  pairs  were  mixed,  and  inoculated 
onto  monolayers  of  BK  or  rhesus  monkey  kidney  (RMK)  cells  in  petri  dishes 
according  to  the  usual  plaque  technique  for  the  quantitation  of  influenza 
virus.  During  the  year  this  technique  was  modified  to  include  pre-incubation 
of  the  2  mutants  at  4°C  for  18  hours  prior  to  inoculation  onto  the  assay  mono- 
layer culture.  This  type  of  pre-incubation  has  been  shown  by  Hirst  to  increase 
the  frequency  of  genetic  interaction  between  certain  mutant  pairs.  The  cultures 
were  incubated  at  a  temperature  restrictive  for  plaque  formation  for  each 
of  the  viruses  individually.  If  plaques  did  develop,  the  viruses  inoculated 
were  assumed  to  possess  genetically  distinct  lesions,  eachvirus  providing 
for  its  partner  in  the  cross  the  gene  product  (or  products)  which  was 
defective  in  the  other  and  thereby  enabling  plaque  formation  to  occur.  Plaques 
which  developed  at  restrictive  temperature  contained  wild  type  virus  and  thus 
this  method  of  genetic  evaluation  assayed  the  occurrence  of  recombination  (most 
likely  by  reassortment  of  the  RNA  pieces  of  the  virus). 


Major  Findings: 

A.  Respiratory  Syncytial  Virus: 

Research  on  respiratory  syncytial  virus  (RSV)  has  proceeded  along  the  same 
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general  lines  as  described  ln 

research  is  divided  into  four 

of  existing  ts  mutants  of  the 

potential  use  in  a  live  virus 

pathogenesis  and  of  the  mechanisms  of  host  resistance;  (4) 

basic  biologic  properties  of  RSV  and  of  related  viruses 


the  previous  annual  report.  Basically,  the 
separate  categories:  (1)  further  characterization 
virus;  (2)  production  of  new  mutant  strains  for 
vaccine;  (3)  studies  of  the  mechanisms  of  viral 

examination  of  the 


(1)  Characterization  of  existing  ts  mutants  -  The  previous  year's  work 
indicated  that  the  7  existing  stable  mutants  of  RSV  could  be  placed  in  three 
separate  complementation  groups.  The  first  group  included  ts  1,  3,  4,  5  and 
6,  mutants  all  produced  from  the  wild  type  A2  strain  by  treatment  with  the 
chemical  mutagen  5  FU.  The  second  group  included  a  single  mutant,  ts-7, 
produced  by  ethylmethanesulfonate.  The  third  group  contained  ts-2,  a  5-FU- 
induced  mutant  that  exhibited  altered  plaque  morphology  and  considerable 
leakiness.  Further  studies  of  these  mutants  indicated  that  the  ts-7  lesion 
probably  affected  an  earlier  function  than  those  affected  in  the  other  mutants. 
Our  current  work  has  further  clarified  physiology  of  these  mutants  by  elucidating 
patterns  of  virus-induced  RNA  production  in  mutant-infected  cells  grown  at  both 
permissive  temperature  (32°C)  and  restrictive  temperature  (39°C). 
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These  experiments  proceeded  according  to  2  protocols.  In  the  initial  protocol, 
attempts  were  made  to  examine  the  possibility  that  the  mutant  RNA  polymerases 
were  temperature  sensitive.  HeLa  cells  were  infected  with  ts  mutants  of  RSV 
and  grown  at  permissive  temperature  until  cytopathic  effects  were  observed. 
The  cultures  were  then  exposed  for  90  minutes  to  5  yg/ml  of  actinomycin  D  at 
permissive  temperature  to  shutoff  cellular  RNA  synthesis.  ^H-uridine,  45  yC/ml 
was  then  added  and  the  cultures  were  incubated  for  2  hours  at  either  per- 
missive or  restrictive  temperatures.  Viral  specific  RNA  was  then  extracted 
by  the  SDS-hot  phenol  method  and  analyzed  by  centrifugation  through  5-20% 
sucrose  gradients  at  40,000  RPM  for  4  hours  in  a  Spinco  L2-65B  preparative 
ultracentrifuge  using  an  SW  40  rotor.  Experiments  were  completed  using  each 
of  the  mutants.  Under  the  conditions  described  all  mutants  were  able  to 
incorporate  ^H-uridine  into  RNA  in  a  normal  fashion  at  both  permissive  and 
restrictive  temperatures.  The  RNA  species  produced  resembled  those  previously 
demonstrated  with  wild  type  RSV,  i.e.,  hetero-disperse,  slowly-sedimenting 
RNA's  with  the  main  peaks  at  lOS  and  28S.  These  results  seemed  to  indicate 
that  the  function  of  RNA  polymerase  at  restrictive  temperature  was  not 
affected  by  the  genetic  lesion  (or  lesions)  of  any  of  the  ts  mutants. 

Further  experiments  were  then  planned  to  examine  whether  some  step  prior  to 
RNA  synthesis  was  affected  in  each  of  the  mutants.  In  this  series  of  studies, 
cultures  were  infected  with  RSV  ts  mutants  as  before,  but  this  time  incubation 
of  cultures  was  carried  out  at  both  restrictive  and  permissive  temperature 
rather  than  only  at  permissive  temperature  as  in  the  previous  series.  Treatment 
with  actinomycin  D  and  labelling  with  ^H-uridine  were  also  carried  out  at 
both  temperatures.  In  these  experiments  it  was  found  that  ts-2,  the  leaky 
mutant,  incorporated  ^H-uridine  into  RNA  with  equal  facility  after  incubation 
at  either  permissive  or  restrictive  temperature.  By  contrast,  none  of  the 
other  mutants  showed  any  ability  to  synthesize  RNA  after  incubation  at 
restrictive  temperature.  These  results  indicated  that  all  the  mutants  except 
ts-2  were  defective  in  some  function  occurring  prior  to  RNA  synthesis  in  the 
viral  growth  cycle.  This  finding  raised  a  somewhat  paradoxical  point.  Each 
mutant  virus  with  the  exception  of  ts-4  had  been  shown  by  previous  workers  in 
the  laboratory  to  be  able  to  synthesize  some  viral  specific  protein  (as 
detected  by  indirect  immunofluorescence  and  complement  fixation)  when  grown  at 
restrictive  temperature.  We  were  able  to  confirm  these  results  to  our  own 
satisfaction.  Thus,  protein  synthesis  was  occurring  at  restrictive  temperature 
in  the  absence  of  RNA  synthesis.  Workers  in  other  laboratories  have  noted  similar 
findings  in  the  case  of  temperature  sensitive  mutants  of  vesicular  stomatitis 
virus.  It  is  possible  that  the  paradox  can  be  explained  by  assuming  that  diff- 
erent enzymes  or  conditions  are  required  for  the  transcriptive  and  replicative 
aspects  of  viral  RNA  synthesis.  It  might  be  possible  that  our  mutants  at 
restrictive  temperature  were  incapable  of  RNA  replication  but  capable  of 
initiating  a  small  amount  of  RNA  transcription  resulting  in  the  formation  of 
messenger  RNA  in  sufficient  quantities  to  direct  detectable  amounts  of  protein 
synthesis.  This  amount  of  RNA  might  not  be  sufficient  to  be  detected  by  the 
methods  employed.  The  methods  employed  might  be  sensitive  enough  to  detect 
RNA  synthesis  only  when  larger  quantities  of  messenger  RNA  were  made  or  when 
both  RNA  transcription  and  RNA  replication  were  occurring  normally.  This 
hypothesis  is  not  testable  at  the  moment. 
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ts-1  to  a  greater  degree  by  inducing  a 
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encountered  might  have  been  caused  by 
pensions  in  BK  cells  prior  to  attempts 
subsequent  studies,  suspensions  of  ts- 
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genetic  lesions  into  the  ts-1  mutant  - 


fort  was  spent  in  attempts  to  attenuate 
second  lesion  into  the  genome  with  the 
ef  at  that  time  that  the  problems 
passage  of  the  EMS-exposed  virus  sus- 
at  plaque  isolation.  Therefore,  in 
1  were  given  EMS  exposure  sufficient 
in  virus  titer  and  the  suspensions  were 
ayers  for  plaque  isolation.  Using 
more  than  300  plaques  initiated  by 


To  simplify  the  process  of  identifying  possible  double  mutants,  it  was  decided 
to  employ  new  criteria.  The"shutoff"  temperature  of  a  ts  mutant  is  defined  as 
that  temperature  at  which  the  agent  ceases  to  function  normally.  Thus  ts-1 
was  found  to  form  plaques  normally  at  36°C  but  to  be  shutoff  at  37°C.  Since 
it  has  been  found  with  influenza  virus  ts  mutants  that  mutants  with  lower 
shutoff  temperatures  appear  to  be  more  attenuated  for  man,  we  decided  to  select 
new  vaccine  candidates  by  identifying  clones  among  the  EMS-treated  pool  which 
exhibited  a  shutoff  temperature  of  36°C.  These  clones  would  be  expected  to 
be  more  attenuated  than  ts-1  (thus  circumventing  one  of  the  problems  seen  with 
ts-1  in  clinical  trials).  It  was  planned  to  expose  any  promising  clones  to 
Subsequent  stress  tests  to  evaluate  genetic  stability. 

Each  of  the  more  than  300  clones  isolated  from  the  EMS-treated  pool  was 
inoculated  onto  monolayers  of  HEp-2  cells  and  incubated  for  6  days  at  32°C 
and  36°C.  None  of  the  clones  showed  a  lower  shutoff  temperature  than  ts-1. 
It  was  thus  impossible  to  conclude  whether  or  not  remutagenization  had 
occurred. 

In  view  of  this  failure,  we  have  opened  up  several  new  lines  of  attack  in  our 
attempts  to  develop  a  more  suitable  RSV  vaccine.  First,  we  have  begun 
experiments  using  a  new  mutagenizing  agent,  nitrosoguanidine  (NTG),  to  induce 
a  second  lesion  in  ts-1.  As  of  this  writing  we  have  picked  43  plaques  derived 
by  inoculating  NTG-treated  ts-1  suspensions  directly  onto  BK  monolayers.  These 
clones  are  currently  being  passed  and  new  clones  generated  at  a  rate  of  50-100 
per  week.  Isolated  clones  will  be  tested  for  36°C  shutoff  temperature  as 
described  above. 

A  second  approach  to  attenuation  shows     promise.  Passaged  clones  developed 
from  a  cold-adapted  strain  of  RSV  have  been  supplied  to  us  by  Dr  Louis  Potash 
(Flow  Laboratories).  These  clones  were  found  to  be  temperature  sensitive  and 
the  temperature  sensitivity  appears  to  be  genetically  stable  when  the  clones 
are  subjected  to  the  stress  of  incubation  at  restrictive  temperature.  These 
clones  will  be  subjected  to  further  purification  by  limit  dilution  and  will 
subsequently  be  retested  for  genetic  stability  at  37°=39°C.  Should  these 
latter  tests  prove  successful,  studies  of  experimental  infection  in  hamsters 
will  be  carried  out  to  determine  whether  these  mutants  are  capable  of  in  vivo 
replication  and  of  inducing  an  antibody  response  and  a  protective  effect. 
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A  third  approach  that  has  been  initiated  has  been  the  study  of  recently  obtained 
bovine  strains  of  RSV.  These  strains  have  recently  been  provided  us  by 
veterinary  virologists  at  the  University  of  Missouri  (Dr.  B.D.  Rosenquest) 
and  at  Iowa  State  University  (Dr.  M.H.  Smith).  We  have  begun  to  produce  pools 
of  these  agents  in  BEK  cells  and  we  will  examine  their  growth  in  hamsters 
as  possible  vaccines  against  challenge  with  human  strains  of  RSV. 

(3)  Studies  on  the  pathogenesis  of  RSV  disease  -  These  studies  have  been 
hampered  by  our  continued  inability  to  find  a  suitable  animal  model  which  is 
comparable  to  RSV  bronchiolitis  in  human  infants.  We  have  succeeded  in  con- 
firming, by  reconstruction  experiments,  that  injection  of  hyperimmune  serum 
in  hamsters  facil itates the  clearing  of  RSV  from  infected  animals'  lungs.  This 
finding,  however,  is  in  contrast  to  the  finding  in  human  disease  and  further 
rules  out  the  hamster  as  a  model  of  human  disease.  We  have,  as  yet,  been 
unable  to  obtain  the  species  of  "cotton-rat"  employed  in  Russian  studies.  Our 
recent  communications  with  the  veterinary  groups  mentioned  above,  however,  have 
raised  our  hopes  considerably.  These  workers  have  been  able  to  cause  clinical 
disease  in  normal  calves  by  administering  bovine  RSV  to  newborn  animals.  When 
similar  doses  of  bovine  RSV  are  administered  to  calves  deprived  of  colostrum 
(and  hence  of  maternal  antibody),  disease  does  not  occur.  This  situation 
may  have  relevance  to  what  happens  in  infants  and  we  plan  to  set  up  collabor- 
ative studies  in  which  this  experimental  disease  process  will  be  studied- 


(4)  Studies  on  the  basic  biologic  properties  of  RSV  and  related  viruses  -  Two 
main  projects  have  been  the  center  of  attention  in  this  area.  Recent  work  at 
the  Molecular  Anatomy  Program  has  resulted  in  the  isolation  of  the  RSV  envelope 
"spikes".  Using  this  purified  viral  product  it  is  hoped  to  be  able  to  develop 
a  satisfactory  radioimmunoprecipitation  (RIP)  test  for  the  detection  of  anti- 
RSV  antibody  in  the  nasal  secretions  of  infants.  Using  the  currently  available 
preparation,  2  seronegative  goats  were  given  immunizing  doses  of  RSV  spikes 
along  with  Freund's  adjuvant.  Both  goats  responded  with  increasing  titers  of 
anti-RSV  neutralizing  antibody.  In  the  case  of  both  animals,  the  anti-RSV 
neutralizing  antibody  (as  measured  by  the  plaque  reduction  test  currently 
being  used  in  the  lab)  was  greater  than  the  anti-RSV  complement  fixing  antibody. 
This  would  be  expected  if  the  neutralizing  antibody  had  its  effect  on  the 
external  RSV  envelope  and  appeared  to  indicate  that  an  RIP  test  could  be 
developed  successfully.  The  goat  anti-spike  antisera  was  also  employed  in 
indirect  immunofluorescent  studies  using  rabbit  fluorescein  conjugated  anti- 
goat  globulin.  Satisfactory  visualization  was  obtained.  The  system  was 
then  employed  to  trace  the  time  course  of  spike  antigen  production  during  single 
cycle  infection  of  HEp-2  cells  with  RSV.  It  was  found  that  spike  antigen  first 
appeared  at  roughly  10  hours  post-infection,  and  become  maximal  by  18-24  hours. 
Similar  results  had  previously  been  found  using  polyvalent   anti-RSV  sera, 
indicating  that  at  least  some  of  the  viral  specific  proteins  may  be  synthesized 
simultaneously  during  the  viral  growth  cycle. 
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A  considerable  effort  has  been 
2-deoxyD-glucose  (2-dG)  on  the 
3   (para  3)  and  measles  viruses 


spent  examining  the  effects  of  a  glucose  analogue, 
physiology  of  RSV  and  of  parainfluenza  virus  type 
.     In  the  case  of  several   other  enveloped  viruses. 
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this  agent  has  been  found  to  inhibit  viral  growth  and  cytopathic  effects  (CPE) 
by  interfering  with  virus  glycoprotein  mtabolism.  We  were  able  to  establish 
that  2-dG  concentrations  of  1  mK  or  greater  in  the  overlay  medium  caused 
depression  of  the  replication  of  RSV,  para  3,  and  measles  viruses  and 
dramatically  prevented  the  production  of  CPE  by  these  agents.  2-dG  exerted 
its  effects  in  the  latter  half  of  the  viral  growth  cycles,  and  removal  of  the 
agent  at  midcycle  indicated  that  the  action  of  the  drug  was  completely  reversible 
In  more  defined  studies,  2-dG  was  added  to  the  tissue  culture  medium  at  midcycle 
and  virus  yield  determined  by  harvesting  at  2  hour  intervals  thereafter.  These 
studies  indicated  that  2-dG  led  to  a  cessation  of  viral  growth  within  2  hours, 
there  being  no  appreciable  lag  time  for  the  drug's  effect.  In  other  studies, 
2-dG  was  added  to  the  overlay  medium  initially,  and  then  removed  in  the  log  phase 
of  viral  replication.  In  these  experiments,  viral  growth  proceeded  at  an 
accelerated  pace  following  removal  of  the  drug.  This  indicated  that  2-dG 
blocked  a  specific  step  in  virus  maturation  and  that  earlier  functions  occurred 
normally,  allowing  for  accelerated  growth  when  the  block  was  removed.  A  further 
indication  that  2-dG  allowed  at  least  some  viral  function  to  proceed  normally 
was  seen  in  iimiunofluorescent  studies  where  the  production  of  viral  antigens 
(as  indicated  by  indirect  immunofluorescence)  was  found  to  be  unimpaired  in  the 
presence  of  2-dG  at  a  concentration  as  high  as  10  mM.  Results  were  similar 
with  each  of  the  3  viruses. 

Electron  microscopic  (EM)  studies  were  carried  out  using  the  RSV  ts-2  mutant. 
This  agent  was  employed  because  it  produces  the  most  abundant  viral  structures 
when  viewed  by  EM.  In  the  presence  of  2-dG,  ts-2  was  inhibited  to  the  same    i 
extent  as  wild  type  RSV.  EM  studies  indicated  that  when  2-dG  was  added  to 
the  overlay  medium,  the  number  of  virions  visualized  by  EM  was  markedly  reduced. 
Moreover,  those  virions  which  were  released  seemed  to  be  denuded  of  surface 
spike  projections.  As  these  spikes  have  been  associated  with  glycopeptides 
in  the  paramyxovirus  group,  this  result  was  regarded  as  evidence  that  2-dG 
interferes  with  glycopeptide  metabolism  in  RSV  as  it  has  been  shown 
with  other  viruses. 


4 


We  have  also  attempted  to  study  2-dG  as  a  possible  anti-viral  chemotherapeutic 
agent.  So  far,  we  have  been  unable  to  alter  the  course  of  RSV  or  para  3  infection 
in  hamsters  or  influenza  A  virus  infection  in  mice.  These  negative  results 
were  obtained  despite  the  fact  that  inhibitory  blood  concentrations  of  2-dG 
could  be  obtained  by  means  of  parenteral  injection  of  the  drug.  It  was 
considered  likely  that  the  drug  did  not  reach  the  actual  site  of  viral  infection, 
viz.  the  respiratory  epithelium.  Delivery  of  2-dG  by  aerosol,  however,  did  not 
result  in  inhibition  of  virus  growth  in  the  lungs. 

B.  Influenza  Viruses: 

(1 )  Isolation  and  characterization  of  temperature  sensitive  mutants  of  influenza 
A  (H3N2)  -  The  purpose  of  further  isolation  and  characterization  of  ts  mutants 
of  influenza  A  is  to  (1)  derive  a  series  of  recombinants  which  have  a  single 
lesion  or  cluster  of  lesions  on  one  of  the  functional  portions  of  the  influenza 
A  virus  genome  with  the  aim  of  producing  ts  viruses  with  lesions  specific  for   | 
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each  of  the  viral  genes; (2)  derive  separate  mutants  which  have  a  ts  defect  in 
the  same  segment  of  the  influenza  A  virus  genome  but  which  differ  with  regard 
to  temperature  sensitivity;  (3)  further   evaluate    ts  viruses  in  seronegative 
volunteers  to  explore  more  fully  the  relationship  between  attenuation,  site 
of  genetic  lesion  and  level  of  temperature  sensitivity.  At  present  we  have 
2  types  of  ts  mutants  with  H3N2  surface  antigen  (i)  four  temperature  sensitive 
influenza  A  viruses,  (i.e.,  ts-lA,  ts-lE,  ts-lH,  ts-2C)  derived  by  recombination 
of  a  ts  mutant  of  H2N2  with  wild  type  H3N2  and  (ii)  a  series  of  9  different 
clones  of  ts  viruses  which  were  isolated  and  cloned  from  a  directly  mutagenized 
stock  of  H3N2  virus.  In  the  latter  group,  1  had  a  shutoff  of  37°C,  6  of 
38°C,  and  2  of  39°C.  These  viruses  were  subjected  to  genetic  analysis  by  the 
plate  complementation  method.  Complementation  studies  entailed  using  both 
types  of  ts  viruses  described  above.  The  ts-304,  and  ts-422  viruses  each 
appear  not  to  share  lesions  with  the  other  9  mutants  and  thus  each  appears 
to  have  a  single  lesion  which  differs  also  from  those  of  the  4  distinct  ts 
recombinants  (ts-lA,  ts-lE,  ts-lH,  and  ts-2C).  ts-463  appears  to  be  similar 
to  ts-lH  genetically.  Two  of  the  other  mutants, ts-454  and  ts-464  appear  to 
be  identical  on  the  basis  of  complementation  with  mutants  currently  available 
in  the  laboratory;  also  these  mutants  (454  and  464)  appear  to  contain  a  single 
lesion  and  thus  constitute  a  separate  complementation  group.  With  the  further 
segregation  of  lesions  (see  below)  by  recombination  or  by  testing  of  these 
2  mutants  with  other  recombinants  currently  being  prepared  their  true  identity 
should  be  resolved  more  completely.  The  other  4  H3N2  ts  mutants  (i.e.,  303, 
315,  528  and  568)  appear  to  have  ts  lesions  in  more  than  one  segment  of  their 
genomes. 

The  growth  of  six  of  the  directly  mutagenized  H3N2  mutants  in  the  lungs  and  nasal 
turbinates  of  Syrian  hamsters  was  compared  with  that  of  the  parental   H3N2 
wild  type.  In  each  case,  the  growth  of  the  mutants  was  100  to  10,000  fold  less 
than  that  of  the  parental  virus.    Moreover,  relative  to  the  growth  of  the 
parental   strain  the  growth  of  each  mutant  virus  was  more  greatly  diminished 
in  the  lungs  than  in  the  nasal  turbinates.  This  observation  is  consistent 
with  the  fact  that  the  temperature  of  the  lungs  is  approximately  37°C  while  the 
turbinates  are  considerably  cooler  (32-34°C).  It  is  also  consistent  with  the 
hypothesis  involved  in  deriving  these  mutants,  i.e.,  that  a  live  ts  virus  vaccine 
would  replicate  sufficiently  in  the  turbinates  to  mobilize  the  host  defenses, 
but  would  be  inhibited  in  its  growth  in  the  lungs  and  thus  not  cause  respiratory 
illness. 

Also  the  virus  isolated  from  each  of  these  organs  was  tested  for  the  presence 
of  revertant  virus.  All  of  the  mutants  were  selected  for  their  low  reversion 
rate  in  tissue  culture.  The  studies  in  hamsters  however,  afforded  an  opportunity 
to  study   reversion  in  vivo.  Of  the  6  ts  mutants  studied,  3  were  relatively 
stable  while  3  had  a  high  reversion  rate.  The  proportion  of  the  virus  yield 
that  was  revertant  was  also  studied.  On  the  basis  of  these  criteria  2  of  the 
viruses  appear  to  be  good  potential  candidates  for  use  in  a  live  vaccine  (ts 
454  and  ts  528). 
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(2)  Development  of  a  possible  source  of  reliable  tissue  culture  for  genetic. 
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major  problem  in  these  studies,  and  perhaps  in  the  recombination 
h  will  be  necessary  at  the  time  of  appearance  of  new  antigenic 
the  variability  of  tissue  culture  (both  rhesus  monkey  kidney 
idney)  in  supporting  plaque  formation  by  influenza  A  viruses  and 
c  recombinants.  To  circumvent  this  problem  we  have  worked  with 
rch  Associates,  Inc.  (Rockville,  Maryland)  to  pretest  reconstituted 
frozen  bovine  embryonic  kidney  tissue.  Although  such  tissue  is 
s  sensitive  to  influenza  A  viruses  (when  compared  to  rhesus  tissue) 
tures  do  appear  to  be  of  sufficient  quality  for  both  complementation 
ation  studies. 


I 


(3)  ts  Recombinants  of  influenza  A(HONl)  -  We  have  selected  an  influenza  A/ 
Ann  Arbor/Marton/43  (HON!)  virus  as  the  wild  type  virus  for  recombination  with 
our  H3N2  ts  viruses  for  the  following  reasons:  (a)  the  HONl  virus  differs  from 
the  H3N2  virus  in  both  surface  antigens  thereby  permitting  exploration  of  the 
relationship  of  the  ts  lesion  to  the  two  surface  glycoprotein  antigens;  (b)  an 
HONl  wild  type  virus  was  available  which  had  a  history  of  passage  only  in  embry- 
onated  eggs,  a  substrate  which  is  suitable  for  growth  of  virus  to  be  used 
for  volunteer  studies;  (c)  all  individuals  born  after  the  HONl  virus  disappeared 
from  circulation  in  1947  should  be  seronegative  for  the  HO  hemagglutinin  and 
therefore  could  serve  as  volunteers;  and  (d)  a  mating  with  the  influenza  A  (H3N2) 
ts-l[E]  virus  would  represent  a  model  for  the  attenuation  of  the  next  expected 
pandemic  influenza  A  virus  (H4N3).  Because  the  influenza  A  (H3N2)  ts-l[E] 
virus  shows  promise  as  a  live  influenza  A  vaccine  strain,  a  mating  of  this 
virus  and  the  HONl  virus  was  undertaken  in  bovine  kidney  cell  cultures.  Over 
300  clones  of  virus  with  the  HO  surface  antigen  derived  from  the  above  cross 
were  examined  and  10  percent  were  found  to  be  temperature  sensitive.  Fifteen 
clones  from  this  mating  were  analyzed  in  detail  with  respect  to  the  following 
characteristics:  (a)  temperature  sensitivity,  (b)  neuraminidase  type,  i.e., 
Nl  or  N2,  (c)  genetic  composition  with  respect  to  the  parent  ts-l[E]  virus 
(i.e.,  back  cross)  and  to  the  other  recombinant  clones,  (d)  behavior  in  animals. 

Thirteen  of  the  clones  were  examined  in  detail  for  efficiency  of  plaque  formation 
(EOP)  at  34°,  37°,  38°  and  39°C.  Nine  of  the  thirteen  clones  had  a  shutoff 
temperature  of  38°C,  like  the  parent  ts-l[E]  virus,  and  three  had  a  39°C 
shutoff  temperature.  One  had  a  37°C  shutoff  temperature. 

Fourteen  of  the  clones  were  examined  for  neuraminidase  type.  Nine  of  the  clones 
were  N2  and  5  Nl .  There  was  no  correlation  between  EOP  and  the  neuraminidase 
type  of  the  virus;  for  example  a  virus  with  a  shutoff  temperature  of  38°C  could 
be  either  Nl  or  N2.  This  suggested  that  the  ts-l[E]  lesion  (or  "lesions)  was 
not  located  on  the  genetic  material  that  coded  for  the  neuraminidase  antigen 
because  the  ts  defect  (or  defects)  segregated  independently  of  che  neuraminidase 
antigen.  Previously  we  had  shown  that  the  ts-l[E]  lesion  was  not  on  the  gene 
or  genes  which  code  for  the  hemagglutinin.  The  observation  that  the  ts-l[E] 
virus  contains  a  ts  lesion  (or  lesions)  not  related  to  either  of  the  surface 
antigens  is  important  because  it  permits  one  to  produce  temperature  sensitive 
ts-l[E]  recombinant  vaccines  with  any  possible  combination  of  hemagglutinin  and 
neuraminidase  antigens  as  new  antigenic  variants  emerge  and  assume  public  health 
importance. 
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The  influenza  A  (H3N2)-ts-1[E]   virus  is  genetically  stable  in  that  it  can  be 
grown  to  IO^-StcIDbq  without  evidence  of  loss  of  ts  phenotype.     It  is  therefore 
likely  that  the  genome  possesses  more  than  one  ts  lesion.     Such  putative 
lesions  could  be  on  the  same  segment  of  viral   RNA  or  on  different  segments  of 
RNA.     If  the  latter  were  the  case  it  should  be  possible  to  isolate  clones  of 
HONl   ts  virus   (derived  from  H3N2  ts-l[E]  virus)  which  exhibit  genetic  inter- 
action  (i.e.,  recombination)  with  each  other  as  was  observed  with  the  H3N2- 
ts-l[A],  H3N2-ts-l[E]  and  H3N2-ts-l[H]  recombinant  viruses  derived  from  the 
H2N2-ts-l   parent.     Two  of  the  fifteen  clones  analyzed  showed  evidence  of  genetic 
interaction  with  each  other  but  not  with  the  ts-l[E]   parent  or  most  other 
recombinant  clones.     This  supports  the  suggestion  that  the  ts-l[E]  virus 
contains  ts  lesions  on  different  segments  of  the  influenza  A  virus  genome  and 

be  segregated  independently  during  mixed  infection.     By 
ts  lesions  as  probes  we  are  now  able  to  identify  the 
future  ts-l[E]  recombinant  viruses  and  select  those  with 
the  desired  double  lesion.     Equally  important  in  this  regard,  the  majority 
of  the  HO  ts-l[E]  recombinant  viruses  were  double  mutants  and  both  HONl   ts-l[E] 
and  H0N2-ts-l[E]  viruses  were  isolated  which  contained  the  2  ts-l[E]  lesions. 
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that  these  lesions  can 
using  these  segregated 
genetic  composition  of 


Selected  clones  of  HO  ts-l[E] 
hamster  pulmonary  tissue.  Eac 
replicated  less  well  than  wild 
temperature  and  both  ts-l[E]  1 
lesion  or  viruses  with  a  39°C 
selection  of  a  virus  which  had 
both  ts  lesions  of  the  parent 
type  of  ts  recombinant  clone, 
recombinants  with  certainty  on 
Unfortunately,  this  cannot  be 
the  parent  HONl  wild  type  viru 


recombinant  viruses  were  tested  for  growth  in 
h  of  the  HONl  or  H0N2  ts-l[E]  recombinants 

type  virus.  Viruses  with  a  38°C  shutoff 
esions  grow  less  well  than  viruses  with  a  single 
shutoff  temperature.  These  results  suggest  that 

a  38°C  shutoff  temperature  and  which  contained 
ts-l[E]  virus  would  yield  the  most  desirable 

However,  this  can  be  ascertained  for  the  HO  ts-l[E] 
ly  by  testing  selected  recombinants  in  man. 
done  with  these  HO   ts-l[E]  viruses  because 
s  was  not  virulent  for  man. 
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(4)  Recombinants  of  influenza  A/Udorn/307/72  X  Hong  Konq/68-ts-l[E]  -  With  the 
occurrence  of  an  antigenic  variation  of  the  H3N2  coat  of  the  1968  Hong  Kong 
strain  of  influenza  A,  we  embarked  on  the  investigation  of  the  properties  of 
the  ts-l[E]  temperature  sensitive  lesion  when  transferred  by  recombination  from 
the  A/Hong  Kong/68- ts-1 [E]  recombinant  into  the  new  1972  strain.  The  new  wild 
type  strain  used,  A/Udorn/307/72  is  antigenically  indistinguishable  from  the 
prototype  "London  flu",  A/England/42/72.  Recombinant  viruses  were  obtained  by 
dually  infecting  primary  calf  kidney  cells  with  A/HK/68-ts-l[E]  and  A/Udorn/ 
307/72  and  treating  the  progeny  virus  with  an  antiserum  monospecific  for  the 
1968  H3  hemagglutinin  at  a  dilution  which  neutralized  the  1968  H3  virus  but  not 
the  1972  H3.  The  non-neutralized  virus  was  then  plagued  at  33°C,  Of  42  plaques 
picked,  12  (29%)  proved  to  be  temperature  sensitive.  190  additional  plaques 
are  currently  under  evaluation  for  the  ts  characteristic. 

Seven  of  the  Udorn/ts-l[E]  recombinant  clones  following  triple  plaque  purifi- 
cation have  been  extensively  studied  so  far  (designated  13,  16,  18,  22,  24,  28, 
37).  Of  these, 4  were  restricted  in  growth  at  39°C  or  higher  (39°C  shutoff) 
while  3  were  restricted  ingrowth  at  38°C  or  higher  (38°C  shutoff)  which  is  the 
phenotype  of  the  HK/ts-l[E]  parent.  Of  these  seven  clones  the  1968  neuraminidase 
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coat  glycoprotein  was  found  on  all  but  one  of  the  39°C  shutoff  clones  (clone 
13).  Complementation  studies  of  these  clones  yielded  results  consistant  with 
the  results  being  obtained  concurrently  in  the  HONl-ts-l[E]  recombinant  studies   '' 
(see  above).  The  HONl-ts-l[E]  recombinant  data  suggests  that  the  H3N2  ts-l[E] 
virus  contains  two  distinct  ts  lesions  which  segregated  into  the  Rl  and  R8 
recombinants.  The  Rl  and  R8  recombinants  recombine  with  each  other  thus 
demonstrating  distinct  lesions,  but  these  viruses  do  not  recombine  with  the     | 
HK/ts-l[E]  parent  or  with  recombinant  Rll  which  presumably  received  both 
lesions.  Of  the  7  Udorn/ts-l[E]  recombinants  studied  none  recombined  with  HK/ 
ts-l[E]  or  Rll,  nor  did  they  recombine  with  each  other.  Moreover,  the  39°C 
shutoff  recombinants  (clones  13,  18,  22,  37)  behaved  like  Rl  and  recombined 
with  R8  but  not  Rl  or  Rll;  the  38°C  shutoff  recombinants  acted  like  the  parent 
HK/ts-l[E]  and  did  not  recombine  with  it,  Rll,  R8  or  Rl . 

After  inoculation  of  hamsters  intranasal ly,  growth  of  38°C  shutoff  clones  in 
the  lungs  was  reduced  approximately  300-fold  compared  to  wild  type  as  was  the 
'^K/ts-l[E].  The  39°C  shutoff  clones  showed  intermediate  levels  of  replication 
in  the  lung.  Of  interest,  growth  of  the  ts  viruses  was  more  restricted  in  the 
lungs  than  in  the  cooler  nasal  turbinates.  Infection  of  hamsters  with  either 
39°C  or  38°C  type  clones  provided  protection  to  challenge  with  wild  type  virus 
that  was  identical  to  that  following  wild  type  infection.  Reversion  of  HK/ts-l[E] 
and  38°C  shutoff  Udorn/ts-l[E]  recombinants  was  observed  in  hamster  lungs  (37°C) 
but  to  a  much  lesser  degree  if  at  all  in  hamster  nasal  turbinates  where  a  less 
strong  selection  pressure  exists  due  to  lower  temperature  (32°-34°C).  In 
summary,  defined  ts  genetic  lesions  were  passed  from  the  1968  Hong  Kong  virus 
to  the  subsequently  appearing  variant  A/Lldorn/307/72.  The  physiologic  behavior 
of  new  recombinant  viruses  with  regard  to  attenuation  and  immunogenicity  both 
in  vitro  and  in  animals  appeared  to  have  been  predictable  on  the  basis  of  the  ts 
lesion  or  lesions  transferred.  This  hypothesis  is  currently  being  evaluated  in 
human  volunteers  who  are  receiving  the  Udorn  ts  recombinants. 


*i 


Influenza  B  virus  is  a  respiratory 
age  groups  and  is  associated  with  excess  mortality 

virus.  We  have  therefore 


(5)  ts  Mutants  of  influenza  B  virus 
pathogen  which  infects  all 

in  some  years  comparable  to  that  caused  by  influenza  A  ... ..^  

begun  to  develop  a  live  virus  vaccine  using  the  methods  employed  with  influenza 
A  virus.  We  have  mutagenized  influenza  B/Maryland/1959  virus  by  growing  it  in 
the  presence  of  5-fluorouracil .  The  purpose  for  selecting  the  B/59  virus  for 
the  production  of  the  ts  viruses  was  that  it  differed  from  the  current  B  viruses 
significantly,  and,  therefore,  the  ts  defect  from  the  B/59  ts  virus  could 
readily  be  transferred  to  current  influenza  B  viruses  by  genetic  recombination. 

10  of  378  clones  of  the  mutagenized  B/59  virus  were  found  to  be  temperature 
sensitive.  These  10  clones  then  were  analyzed  for  their  (1)  EOP,  (2)  genetic 
stability  after  growth  in  eggs,  (3)  genetic  relatedness,  (4)  growth  and 
reversion  in  the  hamster  lungs,  and  (5)  ability  to  provide  protection  against 
wild  type  influenza  B/59  virus. 

Seven  of  the  viruses  had  a  39°C  shutoff  temperature  while  the  remaining  3  had 
shutoff  temperatures  of  37-38°C.  Only  3  of  these  viruses  maintained  their  ts 
characteristic  after  growth  in  eggs  and  therefore  were  further  analyzed  in  animal i 
for  growth,  reversion,  and  protection  .  ' 
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The  growth  of  4  viruses,  ts-78  (39°C),  ts-80  (37°C),  ts-100  (38°C)  and  ts-187 
(38°C)  was  evaluated  in  the  hamster  lung  and  nasal  turbinate  tissue.  All  ts 
viruses  grew  less  well  than  wild  type  B/59  virus,  ts-78  virus  with  a  39°C 
shutoff  temperature  was  the  least  restricted  with  a  60- fold  reduction  in  virus 
growth  in  the  lung  while  ts-80,  100,  and  187  showed  a  250  to  500-fold  reduction. 
The  reduction  of  virus  growth  in  the  nasal  turbinates  was  less  than  that  in  the 
lungs  indicating  that  the  replication  of  these  ts  viruses  in  the  warmer  temper- 
ature of  the  lower  respiratory  tract  was  more  restricted  than  that  in  the  cooler 
passages  of  the  upper  respiratory  tract.  The  virus  isolated  from  the  pulmonary 
and  nasal  turbinate  tissue  was  analyzed  for  loss  of  ts  phenotype.  Of  interest, 
the  virus  isolated  from  16  animals  infected  with  ts-78  (39°C  shutoff  temperature) 
maintained  its  ts  phenotype.  The  ts-100  virus  with  a  38°C  shutoff  temperature 
yielded  revertant  viruses  in  the  lung  of  7  of  11  animals  while  only  2  of  9 
hamsters  had  nasal  turbinates  which  yielded  viruses  which  lost  their  ts  pheno- 
type. Clones  of  these  viruses  picked  at  39°C  were  analyzed  for  their  ts 
phenotype  to  see  if  they  represented  "leaky"  ts  viruses,  wild  type  revertants, 
or  viruses  with  intermediate  ts  phenotype.  Two  populations  of  viruses  were 
found--those  which  had  an  EOP  similar  to  wild  type  virus  and  those  which  were 
intermediate  in  temperature  sensitivity.  However,  despite  the  appearance  of 
these  viruses  with  the  ability  to  form  plaques  at  39°C  on  the  first  day  after 
infection,  the  virus  present  on  day  4  was  similar  in  temperature  sensitivity 
to  the  ts-100  virus  in  the  original  inoculum:  Only  3  of  13  and  1  of  8  of  the 
isolates  from  the  lungs  or  nasal  turbinates  of  the  hamsters  infected  with  the 
ts-80  and  ts-187  viruses  respectively,  yielded  wild  type  virus  suggesting  that 
these  two  viruses  were  sufficiently  stable  genetically  in  hamster  pulmonary 
tissue  to  be  considered  for  use  as  donors  of  ts  lesions  to  future  influenza 
B  viruses. 
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Previous  results  with  influenza  A  viruses  indicated  that  mutagenesis  with  5-FLI 
often  resulted  in  the  production  of  mutant  viruses  with  ts  defects  in  multiple 
segments  of  the  influenza  A  virus  genome.  Similarly,  the  genetic  analysis 
of  the  B/59  ts-78,  80,  100  and  187  viruses  indicated  that  some  of  these  mutants 
contain  lesions  in  more  than  one  segment.  Complementation  groups  cannot  be 
assigned  to  these  viruses  because  no  single  ts  mutant  virus  underwent  genetic 
interaction  with  all  the  other  ts  viruses.  However,  no  two  mutants  are  similar 
by  genetic  analysis  indicating  that  they  are  not  sister  mutants.  As  with  influ- 
enza A  viruses,  these  complex  genetic  relationships  will  only  be  clarifed  when 
each  ts  lesion  can  be  segregated  by  genetic  recombination  into  separate  clones 
of  recombinant  virus. 

The  ability  of  the  ts  viruses  to  provide  protection  against  homologous  wild 
type  challenge  is  being  investigated.  Preliminary  evidence  is  encouraging  in 
that  the  temperature  sensitive  wild  type  viruses  induce  homologous  protection 
but  fail  to  restrict  the  growth  of  an  influenza  A  virus  indicating  that  the 
protection  is  immunologically  specific. 

(6)  Determination  of  the  potential  of  the  influenza  A/HK/ts-l[E]  virus  to 
produce  long-term  effects  in  the  hamster  -  Recent  experience  in  man  has  indicated 
that  influenza  A  ts  recombinant  viruses  were  attenuated  for  man.  Of  the  four 
recombinant  clones  evaluated  in  volunteers,  the  influenza  A/HK(H3N2)-ts-l [E] 
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virus  {38°C  "shutoff"  temperature)  possessed  many  of  the  characteristics  of  an 
acceptable  live  vaccine  strain.  One  of  these  desired  properties  included  a 
pattern  of  acute  infection  in  man  comparable  to,  but  of  lesser  magnitude  than, 
that  caused  by  wild  type  influenza  A  virus.  For  these  reasons,  the  ts-l[E]  and 
its  recombinant  progeny  viruses  were  considered  for  further  study  in  man. 
Because  recent  experimental  evidence  vtl  vitro  has  demonstrated  that  temperature 
sensitive  viruses  could  be  isolated  from  persistently  infected  tissue  culture 
systems,  it  was  considered  necessary  to  determine  if  the  ts-l[E]  virus  possessed 
the  capability  to  initiate  a  chronic  infection  in  an  animal  model,  the  hamster. 
Hamsters  were  inoculated  intranasally  with  either  influenza  A/HK(H3N2)-ts-l [E] 
virus,  wild  type  Hong  Kong  virus,  or  control  tissue  culture  media.  The  following 
parameters  were  evaluated:  (1)  serum  antibody  against  surface  and  internal 

virus;  (2)  fluorescent  (FA)  staining  of  cells 
brain  for  the  presence  of  influenza  A  antigens;  and 
of  the  lungs  and  brains  which  were  examined  for 


antigens  of  the  influenza  A 
obtained  from  the  lungs  and 
(3)  formalin  fixed  sections 
evidence  of  pathology. 


As  expected,  all  animals  were  infected  with  the  wild  type  or  ts-l[E]  virus  and 
the  controls  remained  uninfected.  The  wild  type  induced  higher  serum  titers 
of  anti-hemagglutinin  (HA)  and  anti-RNP  (internal  antigen)  antibody  than  did 
the  ts-l[E]  virus.  The  antibody  to  the  internal  antigen  was  detectable  after 
1  month  of  infection  but  not  thereafter  in  either  group  whereas  antibody  to  the 
surface  antigen  persisted  for  more  than  one  year  after  infection.  However, 
the  anti-HA  antibody  titer  in  both  the  wild  type  and  ts-l[E]  virus  infected 
animals  (sampled  at  bimonthly  intervals)  decreased  at  the  same  rate  and  at  no 
time  was  there  evidence  of  a  rise  in  anti-HA  or  anti-RNP  antibody  indicating 
a  reactivation  of  influenza  A  antigen  production. 
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Using  the  indirect  FA  technique,  sections  of  the  lungs  and  brain  were  examined 
for  the  presence  of  antigen  to  influenza  A  virus.  It  was  felt  that  if  the 
ts-l[E]  or  wild  type  viruses  had  a  tendency  to  initiate  a  persistent  infection 
in  vivo  that  this  state  of  chronic  infection  could  be  detected  with  appropriate 
antisera  as  it  can  in  SSPE  and  PML  in  man.  In  only  the  wild  type  virus  infected 
animal  was  there  fluorescence  located  in  the  large  bronchi  of  the  lungs  during 
the  acute  infection.  FA  positive  cells  were  not  detected  in  the  lungs  thereafter 
nor  in  the  brains  at  anytime  (also  sampled  bimonthly). 

Since  influenza  A  virus  causes  only  inapparent  infection  in  hamsters,  no  acute 
pathological  alterations  were  expected  or  found.  Also  no  chronic  changes  were 
seen  in  the  lungs  or  brain. 


Thus  there  is  no  evidence  that 
causes  a  persistent  infection  in 
been  used  to  document  such  infe 
to  detect  whether  there  is  pers 
A  wild  type  or  the  ts  virus  vn 
have  to  be  developed.  Although 
the  results  are  encouraging  in 
behaved  similarly.  These  resul 
infection  in  man,  provide  a  rea 
viruses  and  their  progeny  in  ma 


the  wild  type  or  ts-l[E]  influen7.a  A  virus 
hamsters  using  biological  criteria  that  have 
ction  (i.e.,  SSPE  and  PML)  in  man.  However, 
istence  of  the  nueleic  acid  of  the  influenza 
vivo  more  sophisticated  biochemical  probes  will 
the  present  study  is  only  into  its  second  year, 
that  the  ts-l[E]  and  wild  type  viruses  have 
ts,  in  the  context  of  a  similar  acute  pattern  of 
sonable  framework  to  continue  evaluation  of  these 
n. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

During  the  past  year  considerable  progress  was  made  in  elucidating  the  nature 
of  the  genetic  lesions  present  in  the  temperature  sensitive  (ts)  mutants  of 
influenza  A  virus  produced  in  this  laboratory.  We  were  particularly  interested 
in  ordering  these  viruses  in  terms  of  genetic  relatedness  since  one  of  the 
purposes  of  this  project  was  to  derive  mutants  which  had  a  single  lesion  (or 
cluster  of  lesions)  on  only  one  of  the  discrete  RNA  segments  of  the  viral 
genome.  Further  it  was  our  intention  to  produce  single  mutants  with  lesions 
specific  for  each  of  the  genes  of  the  influenza  A  virus.  Such  a  set  of  stable 
single  lesion  mutants  should  prove  invaluable  as  genetic  probes  for 
characterization  of  the  lesion  or  lesions  transferred  from  an  older  ts  vaccine 
strain  to  a  recently  emerged,  epidemic  strain  possessing  new  surface  glyco- 
protein antigens.  For  example  when  the  forthcoming  influenza  A  (H4N3)  (or 
H4N2)  virus  emerges  we  will  transfer  the  ts-l[E]  lesions  into  the  new  virus.  At 
that  time  it  will  be  necessary  to  authenticate  the  successful  transfer  of  the 
ts-l[E]  lesions  to  the  new  epidemic  virus  by  crossing  the  H4N3  (or  H4N2)  ts 
recombinant  with  its  ts-l[E]  parent  (i.e.,  backcross),  the  mutants  containing 
the  2  single  ts-l[E]  lesions  and  finally  the  other  single  ts  mutants.  Avail- 
ability of  single  lesion  ts  mutants  should  also  allow  us  to  define  the 
relationship  between  site  of  genetic  change  in  the  genome  and  attenuation  for 
experimental  animals  and  man. 

One  of  the  most  significant  findings  of  the  years  involves  recognition  that  the 
ts-l[E]  parent  virus  contains  2  distinct  genetic  lesions  which  segregate 
independently.  The  observation  that  the  ts-l[E]  virus  lesions  are  not  related 
to  either  surface  antigen  is  of  some  importance  because  it  means  that  one  can 
produce  temperature  sensitive  ts-l[E]  recombinant  vaccines  with  any  desired 
combination  of  hemagglutinin  and  neuraminidase  antigens  as  new  antigenic 
variants  emerge  and  assume  public  health  importance. 

During  the  past  year  considerable  progress  was  made  in  elucidating  the  nature 
of  the  ts  lesions  present  in  the  ts  mutants  of  RS  virus  produced  in  this 
laboratory.  In  addition,  efforts  were  intensified  to  introduce  an  additional 
ts  lesion  into  the  ts-1  mutant  of  RS  virus  in  the  hope  that  greater  attenuation 
and  increased  genetic  stability  would  result.  These  efforts  are  of  considerable 
significance  to  the  Institute's  program  for  developing  means  for  prevention 
of  RS  disease. 

Proposed  Course  of  Study: 

Exploration  of  the  genetic  lesions  of  the  ts  mutants  of  influenza  A  virus  will 
continue.  The  putative  "single"  ts  mutants  will  be  recombined  \n"th  a  wild  type 
virus  bearing  different  surface  antigens  and  the  resulting  recombinants  will  be 
analyzed  for  the  manner  in  which  the  lesion  segregates  with  resppct  to  the 
surface  glycoproteins.  Genetic  characterization  of  the  recombinants  should 
permit  us  to  confirm  the  single  nature  of  the  parent  ts  virus  or  alternately 
establish  the  presence  of  multiple  lesions  in  the  parent  mutant. 
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Characterization  of  the  RS  ts  mutants  will  continue.  Bovine  RS  virus  strains 
will  be  evaluated  in  hamsters  and  possibly  in  man  for  evidence  of  attenuation. 
We  plan  to  continue  attempts  to  introduce  an  additional  ts  lesion  into  the 
ts-1  mutant  of  RS  virus. 

Honors  and  Awards:  None 
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Project  Description: 

Objectives :  (1)  To  classify  the  numerous  rhinovirus  serotypes  in  order  to 
develop  a  suitable  nomenclature  system.;  (2)  to  characterize  rhinovirus  sero- 
types antigenically;  (3)  to  elucidate  the  interrelationships  between  dif- 
ferent rhinovirus  serotypes. 

Methods  Enployed  and  Major  Findings : 

Rhinovirus  Collaborative  Program  -  The  first  and  second  phases  of  this  col- 
laborative  program  which  was  designed  to  characterize  and  enumerate  the 
number  of  distinct  Ainovirus  serotypes  and  which  was  described  in  detail  in 
previous  annual  reports  instituted  a  new  numbering  system  for  rhinoviruses 
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based  i5)on  extensive  cross -testing  of  a  large  number  of  strains.  The  first 
phase  of  this  numbering  system  enumerated  55  distinct  serotypes  from  1-55 
with  one  subtype.  The  second  phase  added  34  additional  distinct  serotypes 
thereby  extending  the  numbering  system  to  include  rhinoviruses  56  through  89. 
A  third  phase  of  the  program  included  certain  second  phase  viruses  which 
demonstrated  one-way  or  unresolved  relationships,  and  prototype  candidate 
viruses  distinct  from  previously  nurrbered  sei^otypes.  We  submitted  three 
viruses,  604,  607,  and  1169  described  in  detail  in  last  years'  annual 
report ,  to  the  third  phase  of  the  program  as  prototy^pe  candidate  viruses 
distinct  from  previously  numbered  serotypes.  Information  concerning  the 
third  phase  of  the  prog-ram  from  the  rhinovirus  reference  laboratory  of 
Dr.  V.  V.  Hanparian  at  Ohio  State  University  (reference  laboratory  under  con- 
tract to  NIAID)  indicates  the  following:  a  total  of  25  prototype  candidate 
viruses  have  been  submitted  to  the  third  phase  of  the  program;  reciprocal 
neutralization  tests  have  indicated  that  22  of  the  25  are  distinct  thus 
increasing  the  number  of  rhinovirus  serotypes  by  at  least  22;  NIH  strain  607 
was  found  to  be  identical  to  strain  SF1662  submitted  previously  by  Dr.  J.  M. 
Gvaltney,  Jr.;  and  NIH  strains  JM-1,  100301,  which  are  holdovers  from  the 
second  phase,  and  604  and  1169  will  be  included  as  prototype  strains  in  the 
third  phase.  In  addition,  Dr.  Hanparian  received  from  various  laboratories 
115  presumptive  or  definite  rhinovirus  strains  which  have  not  been  neutra- 
lized by  antisera  to  the  numbered  90  serotypes  but  which  were  not  included 
in  the  third  phase  since  these  strains  had  not  yet  been  characterized  ac- 
cording to  some  or  all  of  the  criteria  established  by  the  collaborating 
laboratories  (i.e.,  virus  submitted  must  be  triply  "purified";  RNA  content, 
size,  ether  or  chloroform  stability,  and  acid  lability  must  be  established; 
and  homologous  antisera  from  "purified"  antigen  must  be  submitted) .  These 
untypable  viruses  have  now  been  tested  against  phase  3  reagents  by  Dr.  Ham- 
parian's  laboratory  in  order  to  assist  in  estimating  the  number  of  as  yet 
untyped  candidate  viruses.  Results  of  these  tests  from  Dr. Hanparian  indicate 
(1)  6  of  the  115  did  not  replicate,  and  1  was  found  to  be  enterovirus -like 
thereby  reducing  the  number  to  108;  (2)  41  of  the  108  were  neutralized  by  a 
screening  dilution  of  one  or  more  of  the  third  phase  sera ^ and  38  of  the  41 
were  neutralized  by  further  dilutions  of  third  phase  sera  (3  of  the  41  were 
not  tested  in  this  way);  and  (3)  67  of  the  108  were  not  neutralized  by  phase 
3  antisera. 

Study  of  Rhinoviruses  Recovered  from  Epidemiologic  Studies  -  202  acid  labile, 
chloroform  stable  viruses  were  recovered  from  patients  enrolled  in  the  NIH, 
LID  Common  Cold  Study.  These  agents  were  classified  as  presunptive  rhino- 
viruses on  the  basis  of  cell  culture  characteristics,  acid  lability, and 
chloroform  stability.  With  the  conpletion  of  the  second  phase  of  the  col- 
laborative program  and  the  availability  of  small  amounts  of  antisera  for  all 
numbered  serotypes,  atteirpts  were  made  to  type  some  of  these  rhinovirus 
isolates.  Such  a  study  would  not  only  provide  valuable  information  on  the 
approximate  number  of  uncharacterized  serotypes,  but  also  yield  epidemiologic 
information  on  the  prevalence  of  different  serotypes  in  this  community.  Thus 
far,  97  acid  labile,  chloroform  resistant  viruses  have  been  tested  in  neutra- 
lization tests  with  antisera  for  the  90  numbered  rhinoviruses  (i.e.,  1-89  plus 
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the  subt>T)e) .  Seventy-seven  were  t>-ped  as  follows :  8  as  rhinovirus  (R)  2 ; 
4  as  R7;  3  each  as  R14,  R29,  R37,  R57;  2  each  as  R3,  RIO,  R17,  R41,  R47, 
R48,  R51,  RS6,  RS9 ,  R75,  R78 ,  R81 ;  and  one  each  as  RIA,  RIB,  R5 ,  Rll ,  R16 , 
R18,  R19,  R21,  R22,  R23,  R24,  R30,  R33,  R36,  R39 ,  R43,  R45,  R46,  R53,  RS4, 
R60,  R61,  R62,  R64,  R65 ,  R68,  R73,  R76,  and  R80 .  Seventeen  could  not  be  typed 
with  antisera  for  the  90  nunbered  types  and  NIH  strains  604,  607,  and  1169 
and  these  are  described  in  a  following  section  of  this  report.  Acid  labile 
\d ruses  obtained  from  studies  at  Junior  Village  are  described  in  Project  66A. 

Characterization  of  Three  Newly  Recognized  Rhinovirus  Types  of  Human  Origin  - 

In  last  years'   annual  report  we  described  the  characterization  of  three  rhino- 
virus serotypes,  604,  607,  and  1169  which  were  distinct  from  the  90  pre- 
viously nunbered  serotypes  in  reciprocal  neutralization  tests  and  which  were 
submitted  to  the  rhinovinas  reference  laboratory  (Ohio  State  Ihiversity  - 
Dr.  V.  V.  Hairparian)   as  potential  phase  3  candidate  prototx-pe  strains;  we 
noted  that  one  strain  -  607  -  was  found  by  Dr.  Hanparian's  laboratory  to  be 
identical  to  a  strain  submitted  previously  by  Dr.  J.  M.   Gwaltney,  Jr.  ,  where- 
as the  other  two  were  distinct  from  other  phase  3  viruses. 

Continuing  Characterization  of  Possible  New  RhinoA/i-rus  Serotypes   - 

In  last  years'   annual  report  \\re  reported  that  12  additional  strains  715,  734, 
743,   775,   779,   786,   812,   874,  926,  930,   1010  and  1288  -   recovered  from  wash- 
ings from  volunteers  in  the  NIH,  LID  Common  Cold  Study  had  not  been  neutra- 
lized by  antisera  to  the  90  nuirbered  rhinovinoses  and  the  3  newly  charac- 
terized NIH  strains  604,  607  and  1169.     All  but  two  (812  and  926)  were  re- 
covered on  initial  passage  in  monolayer  cell  cultures;  strain  812  was  not 
recoverable  in  monolayer  cell  cultures  on  initial  passage  but  was  recovered 
in  such  cultures  following  3  passages  in  HETOC  whereas  strain  926  induced  a 
CPE  after  a  blind  passage  in  HEK  cell  cultures.     In  addition  to  strain  812 
which  was  reported  as  having  been  "purified"  by  triple  terminal  dilution  in 
last  years     annual  report,  strains  734,   775,   779,  874  and  926  have  now  also 
been  "purified"  similarly.     Ten  of  these  12  strains  were  submitted  to  the 
reference  laboratory  for  testing  against  the  phase  3  candidate  prototype 
strains  and  other  phase  3  viruses  which  had  "one-way"  relationships,  in  order 
to  assist  in  estimating  the  number  of  yet  unclassified  candidate  viruses.   In 
these  tests  Dr.  Hanparian  found  that   (1)  NIH  strains  715  and  734  were  neutra- 
lized by  strain  SF  1585,  submitted  by  Dr.  J.  M.  Gwaltney,  Jr.;   (2)  NIH  strain 
812  was  neutralized  by  strain  SF1803  also  submitted  by  Dr.  J.  M.Gwaltney  ,  Jr.; 
(3)  NIH  strain  874  was  neutralized  by  strain  1321-66  v^ich  was  submitted  by 
Dr.   E.   J.   Stott  and  which  is  a  prime  strain  of  R22;  and   (4)  NIH  strains   743, 
775,   779,  786,  926  and  930  were  not  neutralized  by  phase  3  candidate  proto- 
type strain  antisera  or  antisera  for  other  phase  3  viruses  which  had  "one- 
way" relationships. 

We  have  also  recovered  5  additional  strains,  811,  927,  939  and  995,  from 
washings  from  volunteers  in  the  Common  Cold  Study  which  have  not  been  neutra- 
lized by  antisera  for  the  90  numbered  serotypes  and  NIH  strains  604,  607  and 
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1169.  Two  of  these,  995  and  811,  were  recovered  on  initial  passage  in  mono- 
layer cell  cultures  whereas  3  -  927,  928  and  939  -  were  not  recoverable  on 
initial  passage  in  monolayer  cell  cultures  but  were  recovered  in  such  cell 
cultures  following  3  passages  in  HETOC.  Further  description  of  these  latter 
3  strains  is  given  in  project  72A. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Rhinoviruses  are  the  most  inportant  known  group  of  viruses  to  be  associated 
with  acute  upper  respiratory  tract  illnesses  in  adults.  However,  the  rapidly 
increasing  nuirber  of  serotypes  and  the  absence  of  an  acceptable  numbering 
system  made  interpretation  of  epidemiological  data  difficult  and  also  pre- 
vented satisfactory  epidemiological  investigations  of  rhinovirus  infections. 
The  numbering  system  will  permit  such  studies  to  be  undertaken  satisfactorily 
and  these  studies  will  be  important  in  further  evaluating  the  need  for  and 
feasibility  of  producing  rhinovirus  vaccines. 

Proposed  Course  of  Project: 

The  laboratory  portion  of  the  third  phase  of  the  collaborative  program  has 
now  been  completed  and  at  least  22  new  serotypes  will  be  proposed  for  ad- 
dition to  the  existing  numbering  system.  A  fourth  phase  of  the  program 
will  be  necessary  since  in  a  preliminary  study  it  was  found  by  Dr.  Ham- 
parian  that  67  of  108  strains  submitted  by  various  laboratories  as  being 
distinct  from  phase  1  and  2  serotypes  were  not  neutralized  by  phase  3  anti- 
sera  as  noted  above.  However  it  is  not  knavn  whether  or  not  these  untyped 
strains  are  conprised  of  only  a  few  or  many  serotypes  since  homologous  sera 
were  not  available.  A  fourth  phase  of  this  program  would  be  essential  to 
deteimne  the  number  of  rhinovirus  serotypes . 


In  addition,  studies  on  the  different  antigenic  conponents  of  individual 
rhinovirus  serotypes  will  be  carried  out  using  the  technique  of  "immune 
electron  microscopy".  For  this  purpose  RIA  antiserum  has  been  prepared  in 
guinea  pigs  utilizing  both  heat  inactivated  and  uninactivated  RIA  antigen; 
the  effects  on  viral  aggregation  by  different  immunoglobulin  grotps ,  such 
as  IgA,  will  also  be  investigated.  In  addition,  the  typing  of  rhinoviruses 
by  immune  electron  microscopy,  a  method  that  appears  quite  promising  will  be 
pursued  further. 


If- 
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Objectives:  (1)  To  study  the  biological,  biochemical  and  biophysical 
properties  of  mycoplasmas,  with  particular  emphasis  on  Mycoplasma  pneumoniae, 
the  etiologic  agent  of  cold  agglutinin  positive  pneumonia,  and  to  determine 
the  relationship  of  these  properties  to  virulence;  (2)  to  employ  newly 
developed  highly  sensitive  assays  for  measurement  of  antibody  to  M.  pneumoniae 
in  the  study  of  local  immunity  and  epidemiology  of  infection;  (3)  to  determine 
the  functional  role  of  secretory  antibodies  produced  in  the  respiratory  tract 
following  infection;  (4)  to  further  characterize  the  glycol ipid  antigens  of 
M.  pneumoniae  and  to  evaluate  the  occurrence  of  shared  antigens  in  nature; 
T5)  to  study  the  infectivity,  stability  and  protective  capacity  of  ts  mutants 
of  M.  pneumoniae  (strain  PI  1428)  in  the  hamster  animal  model  and  in  man; 
(6)  to  study  the  application  of  formaldehyde  killed  vaccine  administered 
locally  to  hamsters;  (7)  to  evaluate  possible  functions  of  secretory  antibody 
directed  against  M.  pneumoniae  with  specific  emphasis  on  cytoadsorption  as  a 
principal  factor  in  virulence. 

Methods  Employed: 

(1)  Mycoplasmas  were  grown  on  agar  plates  or  in  broth  suspensions.  M. 
pneumoniae  was  also  grown  in  Povitsky  bottles  under  conditions  in  which  the 
colonies  became  attached  to  the  glass  surface. 
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(2)  The  complement  mediated  killing  reaction  first  described  by  Gale  and 
Kenny  for  M^.  pneumoniae  was  made  more  sensitive  by  incubating  organisms  in 
the  presence  of  serum  for  60  minutes  at  4°C  prior  to  the  addition  of  fresh 
guinea  pig  serum  which  served  as  the  source  of  complement.  In  the  modified 
killing  or  mycoplasmacidal  (MCT)  test  the  decrease  in  viability  of  M. 
pneumoniae  produced  by  various  concentrations  of  antiserum  was  determined  in 
the  presence  of  a  constant  amount  of  fresh  guinea  pig  serum,  and  the  highest 
dilution  of  test  serum  which  produced  a  90%  killing  effect  was  estimated  after 
logit  transformation  using  a  computer  program. 


(3)  A  radioimmunoprecipitation  method  which  employed  small  quantities  of 
reagents  (0.025  ml)  and  microtiter  equipment  was  developed.  The  organisms 
were  grown  in  2  liter  Povitsky  bottles  in  the  presence  of  H^  or  C^4_oieic 
acid  and  C^^  or  H'^-palmitic  acid.  The  cell  sheet  adhering  to  the  glass  surface 
was  washed  3-4  times  after  removal  of  the  medium.  Whole  organisms  or  a  2:1 
chloroform  methanol  lipid  extract  were  filtered  through  a  450  nm  millipore 
filter  and  diluted  to  an  activity  of  500-1000  cpm  per  0.025  ml.  Radiolabelled 
antigen  was  incubated  with  different  serum  concentrations  for  60  minutes 
at  37°C  and  then  overnight  at  4°C.  The  antigen-antibody  complexes  were 
precipitated  by  anti-human  globulin.  After  centrifugation  of  the  precipitates 
at  1000  rpm  for  10  minutes,  the  radioactivity  remaining  in  the  supernatant 
was  determined.  From  this  determination  the  highest  serum  dilution  which  gave 
a  33%  binding  of  antigen  was  calculated  and  considered  to  be  the  titer. 


(4)  Syrian  hamsters  were  inoculated  intranasally  with  either  temperature 
sensitive  (ts)  or  wild  type  M.  pneumoniae.  Response  of  the  animals  to  infection 
was  studied  by  titration  of  the  number  of  organisms  which  had  grown  in  the  lungs 
and  nasal  turbinates,  appearance  of  MI,  CF  and  mycoplasmaidal 
serum,  and  lung  histopathology.  Six  weeks  to  18  months  after 
the  animals  were  challenged  intranasally  with  a  virulent  wild 
strain  and  the  response  to  challenge  studied  as  above. 


antibody  in  the 
initial  infection, 
type  M.  pneumoniae 


(5)  Syrian  hamsters  were  inoculated  intranasally  and  subcutaneously  with 
0.2  ml  of  formaldehyde  inactivated  M.  pneumoniae  vaccine  or  various  vegetable 
glycol ipids.  These  animals  were  subsequently  challenged  with  wild  type  organ- 
isms and  their  response  to  wild  type  challenge  assayed  by  titration  of  the 
quantity  of  the  organism  which  had  grown  in  the  lungs,  by  study  of  lung 
histology  and  by  measurement  of  antibody  response. 

(6)  Various  vegetable  and  bacterial  mixed  lipids  were  isolated  bv  combined 
chloroform-methanol  extraction,  sephadex  G25  chromotography  and  TEAE  cellulose 
chromatography.  Selected  vegetable  and  bacterial  glycol ipids  were  separated 
from  the  mixed  lipids  and  purified  by  additional  silicic  acid  chromatography. 
The  cross  reactivity  of  these  glycol ipids  to  M.  pneumoniae  glycol ipids  was 
evaluated  by  CF,  MCT,  RIP.  Further,  certain  of  the  glycolipids  were 
reaggregated  with  A.  laidlawii  membrane  protein  subunits  into  an  artificial 
membrane  and  then  inoculated  into  rabbits  which  were  studied  ror  their 
serologic  response. 
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Major  Findings: 
Mycoplasma  pneumoniae 

(A)  Secretory  antibody  response  -  As  shown  previously  the  site  of  localization 
of  M.  pneumoniae  appears  to  be  superficial,  involving  only  the  epithelial  layer 
of  the  respiratory  passages.  The  superficial  nature  of  M.  pneumoniae  infection 
in  the  lower  respiratory  tract  suggests  that  local  immune  mechanisms  (secretory 
IgA  and/or  cell  mediated  immunity)  in  the  respiratory  tract  should  be  of 
greater  importance  than  serum  antibody  in  protection  from  disease.  Recently, 
the  development  of  a  highly  sensitive  radioimmunoprecipitation  (RIP)  assay 
made  it  possible  to  detect  the  development  of  specific  IgA  antibody  for 

M,  pneumoniae  in  the  nasal  secretions  of  a  majority  of  volunteers  infected 
with  this  organism.  Previous  attempts  to  detect  antibody  in  local  secretions 
had  failed  but  this  failure  may  have  resulted  from  an  insensitivity  of  the 
serologic  methods  used. 

We  tested  nasal  secretions  from  17  men  immunized  with  a  formalin  inactivated 
vaccine  (OSU  lA)  given  either  parenteral ly  or  intranasal ly.  None  of  the 
8  men  given  this  vaccine  parenteral ly  developed  local  IgA  rises  and  only  2 
of  9  men  given  the  vaccine  intranasal ly  developed  a  rise  in  IgA  antibody  for 
the  organism.  In  contrast,  of  16  men  given  a  live  attenuated  ts  mutant 
(ts  H43),  approximately  80  percent  showed  a  significant  rise  in  secretory 
IgA  antibody.  These  observations  suggest  that  immunization  with  a  live 
attenuated  organism  is  more  effective  in  stimulating  local  immunity  than  an 
inactivated  vaccine  given  either  systemically  or  locally. 

(B)  ts  Mutants  -  Temperature  sensitive  mutants  of  M.  pneumoniae  were  developed 
which  were  restricted  in  growth  in  vitro  at  36°,  37^  or  38°C.  At  these 
temperatures  the  wild  type  organism  grew  without  restriction.  Such  mutants 
were  sought  with  the  expectation  that  their  temperature  sensitive  defects 
would  restrict  growth  in  vivo  at  the  temperature  of  the  lower  respiratory 
tract  (37°C),  whereas  replication  would  not  be  impaired  in  the  cooler 
environment  of  the  upper  respiratory  passages  (32°-34°C). 

Four  genetically  stable  temperature  sensitive  mutants  of  M.  pneumoniae  were 
produced  by  exposing  the  organism  in  100  ug/ml  of  N-methyl-N'-nitro-N-nitro- 
soguanidine.  These  mutants  (ts  H9,  ts  HIO,  ts  H28  and  ts  H43)  and  a 
previously  described  mutant  (ts  640)  were  temperature  sensitive  with  respect 
to  growth  of  colonies  on  agar  medium.  The  gradient  of  temperature  sensitivity 
was  ts  H28>  ts  H43>  ts  640>  ts  H9  and  ts  HIO.  In  addition,  the  ts  H9  and  ts 
HIO  mutants  exhibited  a  decreased  capacity  to  adsorb  to  receptors  on  guinea 
pig  red  cells. 

The  ts  640,  ts  H9,  and  ts  HIO  mutants  produced  an  extensive  pulmonary  infection 
in  the  hamster  without  associated  pathological  change.  The  mutants  proved  to 
be  genetically  stable  in  vivo  in  that  revertants  were  not  recovered  from 
infected  hamsters.  Furthermore,  infection  with  the  ts  640,  ts  H9  or  ts  HIO 
mutant  induced  significant  resistance  to  a  subsequent  challenge  with  virulent 
wild  type  M.  pneumoniae.  Long  term  animal  studies  employing  ts  mutants  were 
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undertaken  to  evaluate    safety  and  the  persi stance  of  the  protection  induced 
by  ts  mutants.  Animals  infected  with  wild  type  M.  pneumoniae,  or  mutants 
ts  640,  ts  H9  or  ts  HIO  have  now  been  followed  for  1-1/2  years.  Results  of 
this  study  show:  (1)  the  ts  mutants  are  cleared  from  the  hamster  at 
approximately  the  same  rate  as  wild  type  organisms;(2)  ts  mutants  appear  to 
induce  life-long  immunity  in  hamsters;  (3)  no  adverse  effects  of  the  mutants  were 
observed  on  prolonged  follow-up. 

Since  immunization  of  man  would  be  more  conveniently  and  comfortably  accomplished 
utilizing  the  oral  route  rather  than  the  intranasal  route,  a  study  was  carried 
out  to  see  whether  oral  inoculation  of  hamsters  with  M.  pneumoniae  would 
result  in  infection.  Preliminary  results  suggest  that  oral  administration  of 
wild  type  or  ts-640  M.  pneumoniae  does  indeed  induce  an  antibody  response.  Further 
experiments  to  evaluate  the  protective  effect  and  mechanism  of  oral 
immunization  with  M.  pneumoniae  are  underway. 

Preliminary  experiments  were  undertaken  to  evaluate  the  infectivity  of  mutants 
ts  H43  and  ts  H28  for  hamsters.  Repeated  attempts  to  infect  hamsters  with 
these  mutants  were  unsuccessful  despite  the  fact  that  ts  H43,  at  least,  is 
infectious  for  man.  Attempts  to  infect  hamsters  housed  at  0°C,  which  most 
certainly  lowered  upper  airway  temperature  below  37°C  were  unsuccessful 
indicating  that  perhaps  the  mutants  have  other  defects  (host  restriction 
mutations)  which  limit  their  growth  in  hamsters. 

(C)  Protective  effect  of  inactivated  M.  pneumoniae  vaccine  applied  topically  - 
Because  of  the  finding  that  secretory  antibody  may  play  a  critical  role  in 
immunity  a  preliminary  examination  of  the  effect  of  formaldehyde  killed 
vaccine  instilled  intranasally  was  made.  Hamsters  were  given  3  separate 
doses  of  0.2  ml  vaccine  (lot  10  SU-IA)  intranasally  or  subcutaneously  over 

a  2  week  period.  Wild  type  infection  and  broth  control  groups  were  also  included 
Two  weeks  following  the  last  administration  of  vaccine  the  hamsters  were  chal- 
lenged with  wild  type  organism  and  were  sacrificed  10  days  later.  There  was 
a  significant  decrease  in  pulmonary  lesions  in  the  intranasally  vaccinated 
animals  although  little  if  any  effect  on  growth  of  the  organism  in  the  lungs 
was  seen.  The  protective  effect  of  IN  vaccine  as  regards  prevention  of 
pulmonary  lesions  was  less  than  that  produced  by  prior  wild  type  or  ts  infection, 
but  considerably  greater  than  that  produced  by  parenteral  administration  of 
inactivated  vaccine.  Of  interest  was  the  observation  that  prior  infection 
induced  significant  resistance  to  subsequent  infection,  whereas  topical 
administration  of  inactivated  vaccine  did  not  induce  resistance  to  infection 
of  the  respiratory  tract. 

(D)  Glycol ipid  antigenic  determinants  shared  by  M.  pneumoniae,  vegetables,  and 
certain  bacteria  -  This  study  was  prompted  by  the  observation  that  an 
unexpectedly  large  proportion  of  infants  and  young  children  possessed  antibody 
to  Mycoplasma  pneumoniae  in  their  serum.  Since  early  childhood  represents  a 
time  of  life  when  the  organism  is  not  commonly  associated  with  lower  respiratory 
tract  disease,  the  origin  of  antibody  possessed  by  infants  and  young  children 
was  not  immediately  apparent.  Such  antibody  could  be  the  result  of  clinically 
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inapparent  infection  which  occurred  with  high  frequency.  On  the  other  hand, 
cross-reactive  or  shared  antigenic  deterfninants  might  be  responsible  for  some 
of  the  childhood  serum  antibody  which  reacts  with  M.  pneumoniae.  Within  the 
past  few  years  it  has  been  established  that  the  major  serologic  reactivity 
of  M.  pneumoniae  resides  in  a  series  of  glycol ipids  which  are  located  on  the 
outer  membrane  of  the  organism. 

In  the  initial  screening  tests  chloroform-methanol  (7:3)  eluates  containing 
mixed  lipids  from  53  vegetables  were  evaluated  for  their  capacity  to  fix 
complement  with  antibodies  to  M.  pneumoniae  or  its  glycol ipids.  Forty-three 
of  the  vegetables  were  found  to  have  antigenic  activity  with  the  M.  pneumoniae 
immune  sera  used.  Each  positive  vegetable  reacted  with  the  rabbit  anti-M. 
pneumoniae  glycolipid  serum.  Eighteen  gram  positive  bacterial  or  L  forms  were 
also  studied  and  3  fixed  complement  with  the  M.  pneumoniae  antisera.  The 
positive  reactors  included  Staphlococcus  aureas,  Staphlococcus  aureus  L  form 
and  Streptococcus  hemolyticus  group  A,  type  1  L-form. 

Two  of  the  vegetables,  and  staph vlococcus  aureus  which  exhibited  a  high  level 
of  antigen  activity  were  examined  in  greater  detail.  Purified  glycolipids 
from  carrots  and  parsnips  and  staph,  as  well  as  artificial  membrane  reaggre- 
gates  containing  these  glycolipids  exhibited  a  high  degree  of  complement 
fixing  activity.  The  serologically  reactive  constituents  of  vegetables  and 
certain  gram  positive  bacteria  appeared  to  be  predominantly  glycolipid  in 
nature  since  they  reacted  to  high  titer  with  antibodies  directed  specifically 
against  the  glycolipids  of  M.  pneumoniae.   Additional  evidence  that  the 
carrot,  parsnip  and  staphylococcal  glycolipids  were  closely  related  to 
M.  pneumoniae  glycolipids  was  obtained  in  a  series  of  blocking  experiments. 

Because  of  the  ability  of  vegetable  and  bacterial  glycolipids  to  stimulate 
antibodies  against  M.  pneumoniae  experiments  were  carried  out  in  hamsters 
evaluating  the  protective  effect  of  immunization  with  these  cross-reactive 
antigens.  Hamsters  immunized  either  intranasally  or  parenterally  with 
reaggregated  glycolipids  were  not  protected  from  subsequent  infection  with 
wild  type  organisms.  This  was  not  unexpected  since  killed  whole  cell  preparations 
are  not  efficient  in  stimulating  protective  immunity. 

(E)  Radioimmunoprecipitation  test  for  M.  pneumoniae  antibody  -  The  radio- 
immunoprecipitation  test  was  modified  by  use  of  a  crude  lipid  (2:1  chloroform- 
methanol)  antigen  rather  than  a  whole  cell  antigen.  M.  pneumoniae  organisms 
were  grown  as  before  in  the  presence  of  C^^  or  H^  labelled  oleic  and  palmitic 
acid.  The  washed  organisms  were  than  extracted  in  2:1  CM  and  the  lipid  antigen 
used  in  the  RIP.  This  modification  of  the  RIP  has  2  theoretical  advantages  (1) 
previous  work  has  shown  that  anti-lipid  antibody  is  more  closely  related  to 
resistance  than  anti-whole  cell  antibody,  (2)  with  a  lipid  antigen  available 
the  RIP  should  be  adaptable  to  the  Farr  technique  which  will  allow  it  to  be 
used  easily  with  sera  from  numerous  animal  sources. 
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Significance  to  Biomedical  Research  and  the  Program  of  tne  Institute: 

The  development  and  characterization  of  ts  mutants  of  M.  pneumoniae  appears 
to  be  one  of  the  most  promising  approaches  to  prevention  of  disease  caused 
by  this  organism.  Current  findings  in  this  area  offer  some  hope  that  the  ts 
mutants  will  prove  useful  in  the  control  of  M.  pneumoniae  illness. 

Of  particular  significance  in  our  studies  was  the  observation  that  vegetable 
glycolipids,  either  in  a  suspension  of  auxiliary  lipid  such  as  lecithin  or  as 
part  of  an  artificial  membrane  reaggregate,  can  stimulate  antibodies  which 
react  with  M.  pneumoniae  glycolipids  and  which  kill  the  organism.  These 
findings  suggest  that  glycolipids  from  vegetables  and/or  bacteria  could  be 
responsible  for  some  of  the  antibody  in  human  serum  which  reacts  with  M. 
pneumoniae  or  its  glycolipids.  However,  whether  this  occurs  in  nature  remains 
to  be  established. 
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Proposed  Course  of  Project: 

We  plan  to  continue  our  investigation  of  the  secretory  antibody  response  in 
man  to  M.  pneumoniae  infection.  Attempts  will  be  made  to  elucidate  the 
chemical  nature  of  the  cross-reactive  vegetable  and  bacterial  glycolipids. 
Studies  with  the  ts  mutants  in  hamsters  and  in  man  will  continue  and  an 
attempt  will  be  made  to  evaluate  the  importance  of  cytabsorption  to  virulence. 
In  this  regard  the  potential  role  of  M.  pneumoniae  IgA  antibody  in  preventing 
cytabsorption  will  be  studied.  Finally,  the  feasibility  of  using  a  live,ts  mutant 
M.  pneumoniae  vaccine  for  prevention  of  M.  pneumoniae  disease  will  be  extended    J 
to  trials  in  man.  ^ 
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Project  Description: 

Objectives:  (1)  To  collect  clinical  material  of  high  potential  infectivity 
for  use  in  laboratory  studies;  (2)  To  develop  and  test  in  vitro  procedures  and 
animal  systems  for  use  in  laboratory  studies  of  viral  hepatitis;  (3)  To 
propagate  the  viruses  of  hepatitis  A  and  B  in  culture  or  in  experimental 
animals;  (4)  To  study  the  biochemistry,  biophysics,  immunology  and  epidemiology 
of  hepatitis-associated  antigens;  (5)  To  develop  vaccines  or  other  control 
measures  for  viral  hepatitis. 

Methods  Employed: 

(1)  Clinical  materials  were  collected  from  patients  undergoing  major  heart 
surgery  at  NIH  and  from  various  animal  and  human  populations  through  collabora- 
tive studies  as  described  below. 

(2)  Hepatitis  B  antigen  (HB  Ag)  was  purified  by  density  banding  in  a  cesium 
chloride  gradient  and  by  rate  centrifugation  in  sucrose. 

Particles  believed  to  be  the  virions  of  hepatitis  B  were  isolated,  disrupted 
with  detergent  and  their  internal  components  analyzed  biochemically  and 
immunologically. 

(3)  Samples  containing  hepatitis  A  or  B  viruses  were  inoculated  into  various 
primate  species  and  the  animals  were  monitored  for  evidence  of  hepatitis  for 
six  months  after  inoculation. 

(4)  A  wide  variety  of  serologic  techniques  were  used  for  seroepidemiologic 
studies. 
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Major  Findings: 

(1)     Hepatitis  A: 

A.  Serology  -  Despite  significant  progress  in  recent  years  in  the  study  of 
hepatitis  B,  little  progress  was  made  in  our  understanding  of  hepatitis  A 
because  neither  the  virus  nor  infections  caused  by  it  could  be  identified. 
However,  in  a  collaborative  study  with  Dr.  Albert  Kapikian  of  this  Laboratory 
and  Drs.  Marcel  Conrad  and  Dean  Gibson  of  Walter  Reed,  we  detected  a  virus- 
like particulate  antigen  in  the  stool  of  patients  acutely  ill  with  hepatitis 
A  and  demonstrated  its  temporal  and  serologic  relationship  to  hepatitis  A 
infection.  The  27  nm  particle  is  believed  to  be  the  hepatitis  A  virus.  The 
antigen  was  detected,  using  the  technique  of  immune  electron  microscopy,  in 
stool  samples  collected  only  during  the  acute  phase  of  infection.  Using  these 
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particles  as  antigen,  the  development  of  antibody  could  be  demonstrated  during 
convalescence  from  hepatitis  A  infection. 

B.  Epidemiology  -  Antibody  to  hepatitis  A  antigen  was  demonstrated  with  paired 
serum  samples  obtained  from  patients  involved  in  5  separate  naturally  occurring 
outbreaks  of  hepatitis  A  as  well  as  from  volunteers  involved  in  two  studies 

of  experimentally  acquired  infection.  The  antigen  and  its  antibody  were  found 
to  be  serologically  distinct  from  hepatitis  B  antigen-antibody  systems  as  well 
as  from  the  morphologically  similar  virus-like  antigen  associated  with  acute 
non- bacterial  gastroenteritis. 

As  part  of  a  collaborative  study  of  hepatitis  A  jointly  funded  by  NIAID,  FDA 
and  CDC,  marmosets  were  inoculated  with  hepatitis  A  virus.  Approximately  50% 
of  such  animals  developed  clinical  evidence  of  hepatitis.  Tests  of  paired 
sera  from  these  marmosets  for  development  of  antibody  to  hepatitis  A  antigen 
revealed  an  excellent  correlation  between  clinical  evidence  of  hepatitis  and 
sero-conversion;  serologic  tests  were  as  sensitive  as  histologic  and  biochemical 
tests  for  detecting  infection. 

C.  Biophysical  characterization  -  The  hepatitis  A  antigen  was  found  to  have 
a  buoyant  density  in  cesium  chloride  of  approximately  1.4  and  a  sedimentation 
coefficient  in  sucrose  consistent  with  its  size  of  27  nm.  These  findings, 
plus  those  obtained  by  others,  using  the  marmoset  model  for  characterization 
of  the  hepatitis  A  agent,  suggests  that  this  virus  may  be  a  parvovirus.  More 
definitive  classification  must  await  the  determination  of  the  type  of  nucleic 
acid  it  contains. 

Biophysical  characterization  of  the  hepatitis  A  antigen  is  being  employed 
in  attempts  to  purify  the  particle.  Such  purified  particulate  antigen  will 
be  used  for  further  characterization  and  development  of  simpler  and  more 
sensitive  serologic  tests. 

D.  Transmission  to  chimpanzees  -  Seronegative  infant  chimpanzees,  obtained  from 
a  breeding  colony  jointly  funded  by  NIAID,  FDA,  and  CDC  were  inoculated  with 

a  stool  filtrate  prepared  from  stools  collected  during  the  acute  phase  of 
experimentally  acquired  hepatitis  A  infection.  The  stool  specimens  were 
supplied  by  Drs.  Marcel  Conrad  and  Dean  Gibson  of  Walter  Reed.  Both  chimpanzees 
administered  the  stool  filtrate  developed  hepatitis  A  as  evidenced  by  symptoms, 
elevated  transaminase  levels,  detection  of  hepatitis  A  antigen  in  stool  samples 
collected  during  the  acute  phase  of  infection,  and  development  of  antibody 
to  hepatitis  A  antigen  during  convalescence.  In  contrast,  the  two  chimpanzees 
inoculated  with  control  stool  filtrates  remained  normal.  Subsequently,  these 
latter  two  animals  developed  evidence  of  hepatitis  A  infection  following  casual 
contact  with  the  former  two  animals. 

E.  Reference  reagents  -  Experimentally  infected  chimpanzees  were  plasmapheresed 
prior  to  infection  and  during  convalescence.  Serum  obtained  from  these 
plasmaphereses  will  be  serologically  evaluated  and,  if  suitable,  supplied  to 

the  Research  Resources  Branch  of  NIAID  to  be  used  as  an  interim  reference  reagent 
for  hepatitis  A  antigen. 
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F-  Tissue  culture  -  Efforts  to  isolate  hepatitis  A  virus  in  tissue  and  organ 
culture  will  be  increased,  now  that  a  virus  pool  of  known  infectivity  and 
serologic  tests  for  detecting  viral  multiplication  are  available. 

(2)  Hepatitis  B: 

A.  Serology  -  A  micro  solid-phase  radioimmunoassay  specific  for  the  core  of 
the  Dane  particle  (thought  to  be  the  hepatitis  B  virion)  was  developed. 
Radioimmunoassay  exhibited  a  high  degree  of  sensitivity  and  specificity.  In 
a  collaborative  study  with  Drs.  Kaplan,  Greenman  and  Robinson  of  Stanford 
and  Dr.  Gerin  of  the  MAN  Laboratory,  the  micro  solid-phase  radioimmunoassay 
for  core  antigen  was  instrumental  in  localizing  viral  DNA  polymerase  activity 
to  the  core  of  the  Dane  particle,  thus  strengthening  the  case  for  the  viral 
nature  of  the  Dane  particle. 

B.  Epidemiology  -  Longitudinal  studies  of  post-transfusion  hepatitis,  carried 
out  collaboratively  with  Drs.  Holland  and  Alter  of  the  Clinical  Center  Blood 
Bank,  have  continued  to  yield  important  information.  The  frequency  of  post- 
transfusion hepatitis  has  fallen  from  a  high  of  approximately  50%  when  unscreened 
commercial  blood  was  being  used  to  10%  or  less,  following  initiation  of  an  all 
volunteer  blood  source  policy  and  a  program  to  screen  out  all  hepatitis  B 
antigen  positive  blood.  The  residual  post-transfusion  hepatitis  observed  follow- 
ing these  changes  consists  of  hepatitis  B,  presumably  caused  by  infectious 
blood  not  detected  by  the  most  sensitive  hepatitis  B  antigen  screening  methods 
currently  available  (10%)  and  non-B  hepatitis,  of  undetermined  etiology  (90%). 
Specimens  obtained  from  these  studies  are  being  used  in  an  attempt  to  identify 
the  etiology  of  non-B  post-transfusion  hepatitis  (see  below). 

Additional  studies  of  hepatitis  B  infection  among  primative  native  tribes  of 
Panama  have  been  carried  out  in  collaboration  with  former  MARL'  personnel. 
Differences  in  hepatitis  B  antigen  carrier  rate  have  been  detected  among  differ- 
ent native  tribes  despite  evidence  of  comparable  rates  of  infection,  as  judged 
by  antigen  carrier  rate  plus  antibody  rate.  These  findings  suggest  that  genetic 
differences  may  influence  the  carrier  rate  of  hepatitis  B  antigen. 

Mozambique  has  the  highest  incidence  of  hepatic  cell  carcinoma  (hepatoma)  of 
any  place  in  the  world,  although  other  regions  of  Africa  and  Asia  also  have 
an  incidence  of  hepatoma  much  higher  than  Europe  and  the  Americas.  Hepatitis  B 
antigen  has  been  found  more  frequently  among  hepatoma  patients  than  among  non- 
hepatoma  |)atients  in  regions  of  high  incidence  but  not  in  the  United  States. 
To  determine  if  this  higher  incidence  of  hepatitis  B  antigen  reflected  a  higher 
exposure  rate,  a  higher  carrier  rate  or  infection  with  a  specific  subtype  of 
hepatitis  B  antigen,  the  seroepidemiologic  study  of  four  indigenous  tribes  of 
Mozambique  and  a  white  (Portuguese)  population  living  in  Mozambique  were  studied 
for  hepatitis  B  antigen  and  antibody.  The  frequency  of  hepatitis  B  infection,  as 
measured  by  total  frequency  of  hepatitis  B  antigen  and  antibody  was  similar  in  the 
four  native  populations  (46  to  52%),  slightly  higher  among  hepatoma  patients 
(64%)  but  lower  among  whites  residing  in  Mozambique  (21%).  In  contrast,  the 
frequency  of  hepatitis  B  antigen  was  higher  among  the  two  native  tribes  living 
in  areas  of  high  hepatoma  endemicity  (15%)  than  among  the  two  tribes  living 
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in  areas  of  lower  endemicity  (2-3%).  The  frequency  of  hepatitis  B  antigen  was 
highest  among  the  black  hepatoma  patients  (52%)  and  lowest  among  the  whites 
(3%).  Every  antigen  that  was  subtypeable  from  the  native  populations,  hepatoma 
patients  and  controls  was  subtype  ayw,  the  type  most  common  in  East  Africa. 
In  contrast,  antigen  detected  among  Portuguese  whites  in  Mozambique  was  subtype 
adw,  the  type  most  common  in  Europe.  Thus,  the  hepatitis  B  virus  infection 
rate  appeared  to  be  similar  among  different  African  tribes  but  tribes  from 
areas  of  high  hepatoma  endemicity  were  more  predisposed  to  become  hepatitis 
B  antigen  carriers. 

Continuing  studies  of  hepatitis  that  occurred  among  troops  in  Korea  in  the 
1950's,  carried  out  in  collaboration  with  Dr.  Morris  of  FDA,  have  revealed  that 
over  80%  of  such  hepatitis  was  caused  by  the  type  B  virus.  Furthermore,  all  four 
recognized  subtypes  of  hepatitis  B  antigen  were  associated  with  apparently 
non-parenterally  acquired  hepatitis  in  Japan,  Korea  and  Okanawa.  Since  these 
regions  lie  in  the  zone  of  overlap  of  the  four  subtypes,  the  data  strongly 
suggest  that  the  hepatitis  among  troops  was  acquired  from  the  local  populations 
and  not  as  a  result  of  parenteral  administration  of  blood  or  blcod  products 
or  use  of  el  licit  parenteral  drugs,  since  hepatitis  resulting  from  these 
modes  of  spread  would  have  been  associated  with  subtypes  of  antigen  endemic  in 
the  United  States  (adw  and  ayw). 

C.  Transmission  to  non-human  primates  - 

(1)  Rhesus  monkeys  -  Biophysical  characterization  of  hepatitis  B  virus,  using 
rhesus  monkeys  as  indicators  of  infectivity,  have  revealed  that  the  virus 
appears  to  be  less  stable  to  heat  than  previously  believed  (inactivated  by 
exposure  to  50^C  for  1  hour),  inactivated  by  ether,  chloroform  and  the  deter- 
gent NP-40,  acid-labile,  inactivated  by  cesium  chloride  but  not  sucrose  and 
inactivated  by  an  organic  iodine  compound,  sodium  hypochlorite  and  formalin  but 
not  by  a  quarternaryammonium  compound.  Preliminary  in  vitro  neutralization 
experiments  suggest  that  antibody  to  the  surface  antigen  and  not  antibody  to  the 
core  antigen  is  the  neutralizing  (and  therefore,  protective)" antibody  following 
hepatitis  B  infection.  Studies  to  expand  and  confirm  these  preliminary  findings 
are  in  progress. 

(2)  Transmission  to  chimpanzees  -  In  collaborative  studies  with  Dr.  Barker  of 
FDA  and  Dr.  Maynard  of  CDC,  pools  of  hepatitis  B  virus  representing  each  of  the 
four  subtypes  of  hepatitis  B  antigen  have  been  prepared  and  infectivity  titers 
of  these  pools  are  being  determined  in  seronegative  chimpanzees.  The  pool  of 
virus  representing  subtype  ayw  (the  MS-2  pool  of  Krugman)  has  an  infectivity 
titer  of  approximately  107-5  chimp  infectious  dosecQ  (CID50).  Infectivity 
titrations  have  not  been  completed  for  the  other  three  pools,  but  the  adw 

pool  is  known  to  have  an  infectivity  titer  of  10°  or  greater  CID50  per 
mill  iml  iter,  and  the  adr  and  ayr  pools  produced  hepatitis  in  chimpanzees  when 
tested  undiluted.  Collaborative  studies  to  determine  if  infection  with  one 
subtype  of  hepatitis  B  virus  protects  against  infection  with  the  second  subtype 
are  in  pr;ogress. 

D.  Tissue  culture  -  A  renewed  effort  is  being  made  to  isolate  hepatitis  B 
virus  in  tissue  culture.  Methods  are  based  upon  new  knowledge  gained  from 
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animal  studies  about  the  stability  of  hepatitis  B  virus  and  new  techniques 
including  radioimmunoassays  for  surface  and  core  antigens  and  assays  for  the 
viral  DNA  polymerase  associated  with  the  Dane  particle. 

E.  Vaccine  development  -  Based  upon  results  of  studies  of  hepatitis  B  virus 
in  chimpanzees  and  rhesus  monkeys  and  results  of  biophysical  and  immunological 
studies  of  hepatitis  B  antigen,  an  experimental  hepatitis  B  vaccine  has  been 
prepared  from  purified  hepatitis  B  antigen.  Following  inactivatiion  with 
formalin,  this  vaccine  was  administered  to  seronegative  infant  chimpanzees. 
Following  evaluation  of  the  safety  and  immunogenicity  of  this  vaccine,  the 
chimpanzees  will  be  challenged  with  live  hepatitis  B  virus  to  determine  if 
it  will  protect  against  infection  and  illness. 

(3)  Evidence  for  Other  Hepatitis  Agents: 

Surgical  patients  who  were  followed  longitudinally  and  who  developed  post- 
transfusion hepatitis  were  carefully  studied  for  evidence  of  infection  with 
hepatitis  B  virus,  cytomeglovirus  or  Epstein-Barr  virus.  Only  half  of  the 
patients  had  evidence  of  recent  cytomeglovirus  infection.  However,  a 
comparable  proportion  of  patients  with  type  B  hepatitis  or  no  hepatitis  at  all 
had  evidence  of  cytomegloinfection.  The  etiologic  relationship  of  this  virus 
to  post-transfusion  hepatitis  is  therefore  difficult  to  determine  but  probably 
not  significant.  None  of  the  patients  had  evidence  of  recent  Epstein-Barr 
virus  infection.  Because  it  has  been  assumed  that  much  non-B  post-transfusion 
hepatitis  is  caused  by  hepatitis  A  virus,  paired  sera  from  non-B  post- 
transfusion hepatitis  patients  were  tested  for  development  of  antibody  to 
hepatitis  A  antigen.  None  developed  such  antibody,  and  approximately  half  of 
those  tested  had  evidence  of  prior  infection  with  hepatitis  A  virus.  These 
studies  provide  evidence  for  more  than  two  types  of  human  hepatitis  virus. 
Attempts  to  identify  such  agents  are  in  progress.  These  include  a  search  for 
antigens  analogous  to  hepatitis  B  antigen  and  hepatitis  A  antigen  but  specific 
for  the  new  agent  and  attempts  to  transmit  the  agent  to  non-human  primates. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Hepatitis  represents  one  of  the  major  unsolved  infectious  disease  problems. 
In  addition,  changing  cultural  conditions  (the  rise  of  the  drug  culture)  has 
resulted  in  a  rise  in  the  relative  importance  of  the  more  serious  hepatitis  B. 
Finally,  the  development  of  sensitive  serologic  techniques  for  the  demonstration 
of  prior  exposure  to  hepatitis  B  has  revealed  that  such  infection  is  much  more 
prevalent  in  the  general  population  than  was  previously  thought.  Thus,  hepatitis 
B  is  emerging  as  a  public  health  problem  of  considerable  magnitude.  The  present 
program  is  consistent  with  the  Institute's  mission,  i.e.,  responsibility  for 
the  study  of  and,  where  practicable,  the  development  of  vaccines  or  other  suit- 
able methods  for  the  control  of  infectious  diseases.  The  recent  rapid  increase 
in  our  knowledge  of  hepatitis  B  has  opened  the  way  for  improved  control  methods. 
Recent  progress  in  hepatitis  A  research  holds  promise  for  similar  increased 
understanding  of  this  important  virus.  The  program  of  the  Hepatitis  Virus 
Section,  LID,  NIAID  is  directed  primarily  toward  the  realization  of  these  goals. 
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Proposed  Source  of  Project 


We  plan  to  concentrate  our  studies  of  hepatitis  B  in  the  following  areas: 
(a)  studies  of  hepatitis  B  in  non-human  primates  with  the  twin  goals  of 
characterizing  the  agent  of  hepatitis  B  and  studying  clinical  aspects  of 
hepatitis  B  infection,  (b)  improvement  of  serologic  tests  for  HB  Ag  and  other 
hepatitis-associated  antigens  and  their  use  in  seroepidemiologic  studies, 

(c)  extension  of  biophysical  studies  of  HB  Ag  and  anti-HB  Ag  interactions, 

(d)  attempts  to  grow  the  agents  of  hepatitis  in  tissue  and  organ  culture, 

and  (e)  through  the  use  of  seroepidemiologic  and  animal  model  studies,  to  better 
understand  the  parameters  of  acute  and  passive  immunization  against  hepatitis, 
(f)  characterize  the  hepatitis  A  antigen  and  determine  its  relationship  to 
hepatitis  A  virus,  (g)  develop  simpler  and  more  sensitive  tests  for  hepatitis 
A  antigen  and  antibody,  (h)  search  for  the  etiology  of  non-A,  non-B  hepatitis 
and  determine  its  significance  by  seroepidemiological  means. 

Honors  and  Awards: 

Invited  speaker,  U.S. -Japan  Cooperative  Medical  Science  Program,  Third 
Revised  Program  for  Workshop  on  Recent  Advances  in  Epidemiology  and 
Pathogenesis  of  Viral  Diseases,  NIH,  July,  1973. 

Invited  Speaker,  Gustav  Stern  Symposium  Perspectives  in  Virology  IX,  New 
York,  N.Y.,  February  4  &  5,  1974. 

Invited  speaker,  ICN,  UCLA  Squaw  Valley  Symposia,  Squaw  Valley,  California 
March  24-29,  1974. 

Invited  speaker,  5th  World  Congress  of  Gastroenterology,  Hepatitis  Symposium, 
Mexico  City,  Mexico,  October  13-19,  1974. 

Invited  speaker.  Hepatitis  B  Symposium,  Melbourne,  Australia,  May  2  &  3,  1974. 

Invited  speaker.  Sixth  Annual  Red  Cross  Scientific  Symposium,  May  8,  9,  1974, 
Washington,  D.C. 

Invited  speaker,  American  Society  for  Microbiology  meeting.  May  6-10,  1974, 
Chicago,  Illinois. 

Recipient,  Meritorious  Service  Medal,  May,  1974. 

Appointed,  Head,  Hepatitis  Virus  Section,  Laboratory  of  Infectious  Diseases, 
March,  1974. 

Publications: 

Reeves,  W.C,  Peters,  C.J.  Lander,  J.J.,  Puree!! ,  R.H.,  and  Johnson,  K.M.: 
Differences  in  the  prevalence  of  hepatitis  associated  antigen  and  antibody 
among  Panamanian  Indian  populations.  J.  Infect.  Dis.  128:  265-270,  1973. 
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Alter,  H.J.,  Holland,   P.V.,   Purcell,  R.H.,  Gerin,  J.L.:     The  AusRIA  Test: 
Critical   evaluation  of  sensitivity  and  specificity.     J.   Blood,  1973, 

Purcell,  R.H.,  Holland,  P.V.,  Wong,  D.C.,  and  Morris,  J. A.:     Viral   hepatitis 
and  hepatitis-associated  antigen  in  the  Far  East.     J.    Infect.   Dis,,   In  press, 
1974. 

Purcell,  R.H.,  Wong,   D.C.,  Alter,  H.J.,  Holland,  P.V.:     A  microtiter  solid- 
phase  radioimmunoassay  for  hepatitis  B  antigen.     Applied  Microbiol .   26:  478- 
484,  1973. 

Purcell,  R.H. ,  London,  W. ,  Alter,  H.J.   and  Edgington,  T.S.:     Transmission  of 
hepatitis  B  virus  in  rhesus  monkeys:     Biological  characterizations.     J.   Infect. 
Pis.,   In  press,   1974. 

Kaplan,  P.M.,  Greenman,   R.L.,  Gerin,  J.L.,  Purcell,  R.H.,  and  Robinson,  W.S.: 
A  DNA  polymerase  associated  with  human  hepatitis  B  antigen.     J.   Virol.   12: 
995-1005,   1973. 

Lewis,  T.L.,  Alter,  H.J.,  Chalmers,  I'X.,  Holland,  P.V.,  Purcell,  R.H., 
Ailing,  D.W. ,  Young,  D. ,   Frenkel ,  L.D.,  Lee,  S.L.,  and  Lamson,  M.E.:     A 
comparison  of  the  frequency  of  hepatitis  B  antigen  and  antibody  in  hospital 
and  non-hospital   personnel.     New  Engl.   J.  Med.   289:     647-651,  1973. 

Feinstone,  S.M.,   Kapikian,  A.Z. ,  and  Purcell,  R.H.:     Hepatitis  A:     Detection 
by  immune  electron  microscopy  of  a  virus-like  antigen  associated  with  acute 
illness.     Science  182:     1026-1028,  1973. 

Gold,  J.W.,  Alter,  H.J.,  Holland,   P.V.,  Gerin,  J.L.,  and  Purcell,  R.H.: 
Passive  hemagglutination  assay  for  antibody  to  subtypes  of  hepatitis  B 
antigen.     J.    Immunol.   112:   1100-1106,  1974. 

Purcell,  R.H.:     Viral   hepatitis--Identifcation  of  the  A  virus.     In  Sixth 
Annual   Red  Cross  Scientific  S.ymposium,  May  8th  and  9th,  1974,  Washington, 
D.C. 


t    < 


Purcell,  R.H.:  Current  understanding  of  hepatitis  B  virus  infection,  and  its 
implications  for  immunoprophylaxis.  Perspectives  in  Virology,  IX,  New  York, 
April,  1974. 


3: 


o 


67 


T 


Serial  No.  NIAID  70F 

1.  Infectious  Diseases 

2 .  Mycoplasma 

3.  Bethesda,  Maryland 


PHS  -  NIH 
Individual  Project  Report 
July  1,  1973  thi-ough  June  30,  1974 

Project  Title:  Basic  Studies  on  N^coplasmas 

Previous  Serial  Number:  207 

Principal  Investigator:  Dr.  Joseph.  G.  Tully 

Other  Investigators:  None 


Cooperating  Units: 


Dr.  M.F.  Barile,  Bureau  o£  Biologies,  FDA,  Bethesda,  Md. 
Dr.  I.  Kahane,  Yale  University,  New  Haven,  Conn. 


Contract  Support:  None 

Man  Years :      NIAID 

Lab  Staff 
Total :         36712 
Professional:    12/12 
Other:         24/12 

Project  Description: 


Other  NIH 
Personnel 


Guest 
Workers 


TOTAL 
36/12 
12/12 
24/12 


4 


Objectives:  The  objectives  of  these  studies  cover  both  basic  and  applied 
aspects  of  mycoplasmas  and  related  wall-free  procaryotes,  including  their 
nutrition  and  metabolism,  neurotoxins  and  other  biological  factors  involved 
in  virulence,  immunological  interrelationships  among  human  and  animal  strains, 
and  their  role  in  hiiman  infection  and  certain  other  mixed  bacterial,  viral 
and  protozoan  diseases  of  man  and  animals. 

>feth.ods  Enployed: 

Mycoplasma  toxins  and  cultural  filtrates  were  prepared  from  various  strains 
grown  under  standard  cultivation  techniques.  Purification  was  acconplished 
with  conventional  column  chromatography  techniques  and  toxin  was  assayed  by 
both  spectrophotometric  and  biologic  means.  Mycoplasma  membrane  preparations 
were  obtained  by  subjecting  concentrated  packed  cells  to  osmotic  shock 
(deionized  water) .  Plant  lectins  used  in  membrane  binding  experiments  were 
analyzed  for  purity  and  sugar  specificity,  and  then  labeled  with  radioactive 
iodine.  Organ  cultures  were  prepared  from  hamster  trachea  with  individual 
tracheal  rings  being  maintained  in  Eagle's  minimum  essential  medium  (with 
HEPES  buffer)  in  roller  tubes. 
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Major  Findings: 


A   Considerable  progress  in  the  purification  and  chemical  characterization 
of  neurotoxin  from  M^^coplasma  neurolyticiBn  has  been  achieved.  Earlier  studies 
were  hajTpered  by  the  unstable  nature  of  the  toxin  and  the  need  to  perfon^ 
chemical  and  biological  assays  on  the  toxin  within  24  hrs  of  preparation 
Techniques  have  now  been  developed  which  allow  retention  of  the  biological 
nnTl^^^nn  ""^f""   ^^ural  filtrates  through  procedures  involving  lar^e  volume 
(100  to  300  ml)  pressure  ultrafiltration  (100  ran) ,  dialysis  of  filtrates 
against  phosphate  buffer  (at  4  C) ,  and  freeze-dryijig  of  dialysates.  Toxicity 
tests  in  mice  have  shown  the  most  satisfactory  lots  of  toxin  have  LD50  values 
o±  0.33  to  0.75  mg,  and  dried  toxin  remains  stable  for  at  least  5  months 
Approxunately  20  lots  of  toxin  have  been  prepared  with  a  fully  virulent 
tissue-culture -passed,  Type  A  strain  of  M.  neurolyticum.  The  availability  of 
a  non- toxic  strain  (PG-28)  of  this  same  serotype  provides  a  useful  control  for 
toxin  studies  and  cultural  filtrates  of  this  strain  have  been  prepared  for 
conparative  studies  in  purification  and  toxicity  tests.  Column  chromatography 
of  Type  A  filtrates  have  allowed  the  separation  of  a  toxic  protein  from  other 
medium  components.  This  toxin  passes  through  the  column  in  the  void  volume 
which  suggests  a  protein  with  a  molecular  weight  of  200,000  to  800  000 
Although  the  toxin  was  clearly  separated  from  media  proteins,  we  have  observed 
a  decrease  (approximately  10 -fold)  in  the  specific  activity  of  the  isolated 
and  lyophilized  toxin.  The  LDgQ  dose  of  this  material  is  approximately  3  mg/ 
mouse.  Additional  tests  have  ruled  out  toxin  inactivation  by  chromatography 
solutions  or  thennal  factors  present  during  the  purification  procedures. 
Passage  of  cultural  filtrates  of  the  non- toxic  PG-28  strain  through  G-200 
Sephadex  columns  yields  a  similar  protein  at  the  same  point  where  Type  A  toxin 
was  recovered.  However,  the  PG-28  protein  and  all  other  fractions  recovered 
from  filtrates  of  this  strain  have  not  been  able  to  induce  neurologic  disease 
bince  uninoculated  cultural  filtrates  do  not  possess  this  protein,  we  believe 
that  while  both  M.  neurolyticinn  strains  may  show  a  similar  large  molecular 
weight  protein,  something  in  the  molecular  configuration  of  the  protein 
recovered  from  toxic  mycoplasmas  accounts  for  the  specific  activity  in  the 
central  nervous  system.  Cultural  filtrates  have  been  prepared  from  strains  of 
M.  gallise£ticmi,  M.  fennentans .  and  with  virulent  (PI  1428)  and  avirulent 
(FH)  strains  of  M.  pneumoniae.  In  all  these  studies,  variations  in  media 
components ,  incubation  times ,  and  passage  levels  of  mycoplasmas  have  been 
investigated  m  hope  of  selecting  the  proper  conditions  for  elaboration  of 
substances  with  neurotoxic  activity.  Toxicity  tests  in  mice  have  not  revealed 
any  evidence  as  yet  of  neurotoxin  in  these  rycoplasmas. 

B.  The  neurotoxicity  of  various  mycoplasma  toxins  and  cultural  filtrates 
for  primates  have  been  carried  out  in  collaboration  with  Dr.  M.F.  Barile. 
Initial  trials,  performed  in  2  to  3  kilogram  Rhesus  monkeys  receiving 
lyophilized  toxic  filtrates  from  M.  neurolyticum,  shouted  that  quantities  in 
the  range  of  3  gms/kg  (intravenously)  were  lethal,  while  200  mg/kg  amounts 
produced  no  obvious  neurological  symptoms.  However,  Type  A  toxic  filtrates 
m  the  range  of  1.7  to  2.0  gms/kg  (3500  mouse  LD50  doses)  induced  immediate 
central  nervous  system  effects,  including  flaccid  paralysis  of  the  limbs, 
ataxia,  and  other  signs  of  incoordination.  Recovery  occurred  within  10-15 
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minutes  and  no  apparent  residual  neurological  effects  were  noted,  although 
the  post-challenge  observation  period  has  been  less  than  2  weeks.  It  does 
not  seem  likely  that  media  conponents  are  involved  in  the  response  of  monkeys 
to  neurotoxic  filtrates  since  large  amounts  (2  gms/kg)  of  other  Ni/coplasma 
filtrates  (M.  pneumoniae  PI  1428)  Iiave  been  administered  without  observing 
similar  synptoms.  ^fore  extensive  control  challenges  with  a  non- toxic  cultural 
filtrate  CPG-28)  will  be  required,  not  only  to  confirm  the  role  of  neurotoxin 
in  the  observed  response  but  to  exclude  any  possible  toxic  conponent  present 
in  both  avirulent  and  virulent  M.  neurolyticum  strains. 

C.  Tlie  use  of  various  plant  lectins  with  known  specificity  for  certain 
carbohydrate  residues  has  yielded  inportant  information  on  the  structure  of 

a  variety  of  biological  membrane  systems.  In  collaboration  with  Dr.  I.  Kaliane, 
we  have  investigated  the  binding  of  several  plant  lectins  to  both  nycoplasma 
membranes  and  whole  cells  with  the  thought  that  this  information  might  sipply 
some  insight  into  the  localization  of  carbohydrates  in  mycoplasmas  and  their 
potential  role  as  special  attachment  sites  for  adsorption  of  mycoplasmas  to 
host  tissue  cells.  The  binding  of  v/heat  germ  agglutinin  (WGA)  ,  ricin  (RCA)  , 
and  concanavalin  A  (ConA)  to  the  membranes  of  approximately  12  N^^coplasma 
and  3  Acholeplasma  species  was  studied.  RCA  has  specificity  for  D-galactose 
residues,  ConA  for  both  D-glucose  and  D-mannose  residues,  and  WGA  for  N-acetyl- 
D- glucosamine  groups.  All  mycoplasma  and  acholeplasma  membranes  bound  the 
three  lectins ,  although  ConA  and  RCA  were  always  bound  more  than  WGA.  The 
binding  appeared  specific  since  significant  amounts  of  each  bound  lectin  were 
displaced  by  the  specific  sugar.  Glucose  has  been  identified  previously  as 
a  predominant  conponent  in  mycoplasma  glycolipids  so  that  the  significant 
amounts  of  ConA  bound  to  various  mycoplasma  membranes  examined  here  probably 
relates  to  the  presence  of  some  glycolipids  in  all  these  organisms.  The 
binding  of  lectins  to  whole  mycoplasma  cells  was  similar  to  that  recorded  for 
membranes,  suggesting  that  binding  occurred  only  at  the  outer  surface  of  the 
membrane.  Proteolysis  of  membranes  (trypsin  and  pronase)  almost  always 
increased  the  amount  of  lectins  bound.  This  observation  offers  some  indirect 
evidence  that  glycolipid,  hexos amine s ,  or  other  carbohydrate  components  in 
native  mycoplasma  membranes  are  partially  masked  by  peptides. 

D.  Tracheal  organ  cultures  have  been  used  by  several  groups  of  investigators 
to  study  the  pathophysiological  effects  of  a  limited  number  of  mycoplasmas. 
We  have  utilized  hamster  tracheal  organ  cultures  to  study  the  pathogenesis 
of  several  human  mycoplasmas  and  as  a  possible  in  vitro  model  system  for  the 
assay  of  n^coplasma  neurotoxin.  Initial  coirparisons  were  carried  out  with 
virulent  (PI  1428)  and  avirulent  (FH)  strains  of  M.  pneumoniae .  Inoculation 
of  tracheal  rings,  maintained  only  in  tissue  culture  medium,  with  10^  to  10^ 
colony  forming  units/ml  (CFU/ml)  of  each  strain  showed  that  the  ability  of 
mycoplasmas  to  inhibit  ciliary  action  was  directly  related  to  tJie  challenge 
levels.  When  virulent  and  avirulent  M.  pneumoniae  strains  were  conpared  at 
the  same  challenge  level  (10^  CFU/ml) 7  it  was  noted  that  virulent  mycoplasmas 
produced  complete  ciliary  blockage  after  14  days  incubation,  while  the 
avirulent  strain  required  21  days  for  inactivation  of  ciliary  action.  Control 
tracheal  rings  examined  after  30  days'  incubation  still  showed  over  90%  of 
the  cilia  actively  beating.  We  also  confirmed  observations  recorded  earlier 
that  the  addition  of  mycoplasma  broth  to  the  tissue  culture  medium  (generally 
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at  ratios  of  20^6  broth  to  80 -o  tissue  culture  medium)  greatly  decreased  the 
time  required  for  inhibition  of  ciliary  activity.  Our  findings  with  a 
neurotoxic  strain  of  M.  neurolyticum  indicated  that  variovis  dilutions 
(1:2  to  1:32)  of  cell- free  toxin  would  produce  a  501  reduction  in  tracheal 
ring  ciliary  activity  within  18-21  days.  Dilutions  of  toxin  greater  than 
1:32  did  not  significantly  reduce  ciliary  action  over  a  38-day  observation 
period.  Whole  cell  broth  cultures  of  toxic  mycoplasmas  (10^  to  10^  CFU/ml) 
also  produced  a  501  reduction  in  ciliary  movement  in  18-21  days,  suggesting 
that  neurotoxin  alone  had  a  direct  inhibitory  effect  on  tracheal  ring  cilia. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Our  current  efforts  are  directed  to  the  role  of  mycoplasma  toxins  and  other 
membrane  or  cell -associated  factors  in  these  organisms  that  may  account  for 
their  attachment  and  toxicity  to  host  tissue  cells.  There  are  increasing 
reports  of  neurological  disease  associated  with  M.  pneumoniae  infections  in 
man  and  studies  on  the  most  well  known  neurotoxic  mycoplasma  (M.  neurolyticum) 
can  provide  basic  information  on  biological  factors  required  for  the 
elaboration  of  toxin  and  the  chemical  nature  of  this  toxin.  The  findings  on 
neurotoxin  tests  in  primates  reported  here  are  the  first  evidence  that  the 
toxin  of  M.  neurolyticum  might  be  involved  in  neurologic  disease  in  hosts 
other  than  rodents.  Primates  also  might  be  the  logical  host  to  assess  the 
role  of  other  mycoplasmas  of  human  origin  in  neurologic  disease. 

Carbohydrates ,  including  glycoproteins ,  glycolipids ,  and  polysaccharides 
appear  to  represent  only  a  minor  component  of  the  total  membrane  constituents 
of  mycoplasmas.  However,  there  is  increasing  evidence  that  several  of  these 
substances  play  a  major  role  in  the  serological  activity  of  some  pathogenic 
mycoplasmas  and  there  is  speculation  that  carbohydrate -containing  compounds 
are  involved  in  the  adsorption  of  mycoplasmas  to  host  cells.  The  indirect 
evidence  offered  here  to  show  the  presence  of  exposed  carbohydrates  on  the 
surface  of  mycoplasma  membranes  adds  another  dimension  to  the  structure  of 
the  mycoplasma  membrane  and  suggests  further  investigation  on  the  role  of 
these  compounds  in  the  interaction  of  nycoplasmas  and  tissue  cells. 

Proposed  Course  of  Project: 

Further  studies  are  being  directed  to  the  isolation  and  purification  of  M. 
neurolyticum  toxin.  The  techniques  developed  to  recover,  stabilize,  and 
partially  purify  the  neurotoxin  will  be  applied  to  other  mycoplasmas, 
especially  to  those  of  human  origin  and  species  that  have  been  associated 
with  neurologic  disease.  Additional  studies  are  underway  on  the  suscepti- 
bility of  prijnates  to  other  mycoplasma  filtrates  and  the  neurotoxin  in  order 
to  establish  more  accurate  information  on  quantities  of  toxin  required  for 
host  response  and  their  long-term  effects  on  the  central  nervous  system. 
When  sufficient  quantities  of  purified  toxin  become  available  these  will  be 
evalioated  in  a  variety  of  animal  hosts.  Finally,  additional  effort  is  being 
directed  to  development  of  adequate  in  vitro  assay  techniques  for  mycoplasmal 
toxins  and  other  virulence  factors. 
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Project  Description: 

Objectives: 

(1) 

To  recover  new 

viruses  from  patients  with  resp 

iratory 

1     1    • 

disease;  (2)  to  diaracterize  such  agents  and  study  their  biologic  and  bio- 
physical properties  (3)  to  develop  new  techniques  for  the  detection  of 
respiratory  tract  viruses. 

Methods  Enployed: 

Specimens  obtained  from  patients  in  the  NIH, LID  Coimion  Cold  Study  have  been  stu- 
died intensively  for  the  presence  of  viruses  by  both  conventional  and  new  tech- 
niques. The  specimens  are  first  examined  by  routine  cell  culture  methods  and  only 
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those  which  fail  to  yield  viruses  are  studied  further  in  experimental  cul- 
ture systems  -  such  systems  include  new  cell  cultures  and  human  embr>'onic 
tracheal  (HET)  organ  cultures .  The  use  of  new  culture  systems  has  been 
especially  fruitful  in  the  recovery  of  virus  strains  belonging  to  the  human 
coronavirus  group  of  viruses.  Sixteen  of  the  32  described  coronavirus 
strains  were  first  recovered  by  this  laboratory  enploying  new  culture  sys- 
tems. Hovever,  study  of  the  coronaviruses  has  been  hanpered  by  the  lack  of 
convenient  and  suitable  methods  for  their  propagation.  Ten  of  the  32 
coronavirus  strains  were  originally  isolated  in  HET  organ  cultures  only, 
while  the  remaining  22,  all  of  which  were  similar  to  a  prototype  strain 
designated  229E,  were  isolated  in  monolayer  tissue  cultures.  Since  the 
coronaviruses  appear  to  be  inportant  etiologic  agents  of  adult  upper  res- 
piratory tract  illnesses,  continued  intensive  efforts  have  been  made  to 
develop  new  ways  to  detect  these  agents.  Progress  in  the  detection  of 
coronaviruses  is  outlined  in  the  following  sections;  in  addition,  the 
recovery  of  rhinoviruses  by  the  use  of  new  techniques  is  also  presented. 


Major  Findings: 


Detection  of  Coronaviruses  in  HET  Organ  CiiLture  Harvests  by  Immi 
Conventional  Electron  Microscopy  -  The  propagation  of  coronavii 


[mmune  and 

.roscopy     -  rne  propagation  of  coronavirus  strain 

692  , (which  was  distinct  from  coronaviruses  229E  and  OC43  by  immune  electron 
microscopy) , in  HET  organ  culture   (OC)   and  its  detection  by  unmune  electron 
microscopy  utilizing  the  patient's  convalescent  serum  as  the  source  of 
specific  antibody  was  described  in  detail  in  a  previous  annual  report.  The 
propagation  of  coronavirus  strain  700  in  HET  OC  and  its  detection  by  both 
immune  electron  microscopy  and  conventional  electron  microscopy  was  des- 
cribed in  last  year's  annual  report. 

Attempts  to  detect  additional  viral  agents,  with  special  emphasis  on  corona- 
viruses  from  NTH  Coimon  Cold  Study  patients'  washings  which  did  not  yield 
cytopathic  agents  in  conventional  and  experimental  cell  cultures  were  con- 
tinued but  at  a  low  level.     Washings  were  obtained  by  instilling  0.851  NaCl 
into  each  nostril  sequentially,  with  collection  of  the  fluid  emerging  from 
the  nostril  and  occasionally  from  the  mouth  also.     The  washing  was  then 
diluted  approximately  60%  with  veal   infusion  broth  containing  0.5%  bovine 
serum  albumin.     Washings  were  carried  through  3  passages  in  HET  OC  and  the 
harvests  of  the  third  passage  examined  for  the  presence  of  virus  particles^ 
utilizing  in  addition  to  conventional  electron  microscopy,  the  technique  of 
immune  electron  microscopy,  in  which  the  patient's   convalescerit  serum  is 
the  source  of  specific  antibody.     Immune  electron  microscopy  was  employed 
so  that  virus  particles  would  appear  in  the  form  of    aggregaces     rather  than 
individual  units  thereby  facilitating  the  visualization  of  particles  in 
low-titered  preparations. 
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In  the  immune  electron  microscopy  procedure  0.8  ml  of  the  HET  OC  harvest  was 
incubated  overnight  at  4°C  vvith  0.2  ml  of  a  1:10  dilution  of  uninactivated 
convalescent  serum  from  each  respective  patient.     The  mixture  was  centrifuged 
at  17,000  rpm  for  1-1/2  hrs  and  the  stpemate  was  discarded,  and  the  pellet 
resuspended  with  a  few  drops  of  distilled  water,  stained  with  3%  PTA  and 
placed  on  a  formvar- carbon  coated  grid;  the  excess  fluid  was  removed  with 
the  edge  of  a  filter  paper  disc  and  the  grid  examined  under  the  electron 
microscope  at  a  magnification  of  approximately  44,000.     An  additional  prepara- 
tion in  u+iich  PBS  was  used  instead  of  serum  was  treated  similarly. 

No  definite  coronavirus  strains  were  visualized  by  these  methods  since  the 
previous  annual  report.     However,  these  studies  were  not  given  a  high  priority 
and  as  a  result, the  major  use  of  the  electron  microscope  was  apportioned  to  the 
gastroenteritis  and  hepatitis  projects.     With  the  anticipated  addition  of 
another  electron  microscope,  it  is  planned  that  such  coronavirus  studies  can 
be  pursued  more  intensively. 

Detection  of  Coronaviruses  in  Nasal -Nasopharyngeal  Washings  by  Electron  Microscopy 

Washings  obtained  from  9  patients  enrolled  in  the  current  or  previous  NIH 
Common  Cold  Study  and  which  had  yielded  229E-like  viruses  in  cell  culture 
were  examined  by  electron  microscopy  in  an  attempt  to  determine  if  corona- 
viruses  could  be  detected  without  inoculation  of  specimens  into  an  in  vitro 
system.     Eight  were  examined  by  both  imntme  electron  microscopy  and  con- 
ventional electron  microscopy  and  one  by  conventional  electron  microscopy 
alone.     0.8  ml  of  a  washing  was  incubated  at  room  tenperature  for  1  hr.  with 
0.2  ml  of  a  1:5  dilution  of  a  homologous  convalescent  serum  and  with  0.2  ml 
PBS.     Further  preparation  for  electron  microscopy  was  as  outlined  above. 

In  2  of  8  washings  examined  by  both  immune  electron  microscopy  and  convention- 
al electron  microscopy,  definite  coronavirus -like  particles  were  visualized 
by  conventional  electron  microscopy  alone  and  in  the  one  washing  examined  by 
conventional  electron  microscopy  alone  definite  coronavirus -like  particles 
were  also  seen.     In  a  fourth  washing  only  a  single  coronavirus -like  particle 
was  seen  and  this  by  conventional  electron  microscopy.     Examination  of  nasal- 
nasalpharyngeal  washings  directly  by  electron  microscopy  may  offer  promise 
in  the  detection  of  coronaviruses  and  other  agents  as  well. 

Detection  of  a  Probable  ^1yxovirus  by  Immune  and  Conventional  Electron  *licros- 
copy  -   In  last  year's  annual  report  we  reported  the  detection  o':  a  probable 
myxovirus,   740,  by  examination  by  immune  and  conventional  electron  microscopy 
of  HET  OC  harvests  inoculated  with  a  washing  from  a  patient  in  the  Common 
Cold  Study. 

Another  myxovirus -like  agent,  799,  was  detected  by  both  immuie  and  conven- 
tional electron  microscopy.     Washings  from  patient  799  in  the  NIH  Common 
Cold  Study  were  inoculated  into  various  cell  cultures  with  no  resulting  CPE 
or  hemadsorption.     The  washing  was  carried  through  3  HET  OC  passages  and  the 
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harvests  of  the  3rd  passage  were  inocailated  into  cell  cultures ;  no  CPE  or 
hemadsorption  was  observed.  The  third  HET  OC  harvest  was  examined  by  both 
immune  and  conventional  electron  microscopy  by  methods  outlined  for  de- 
tection of  coronaviruses  in  HET  OC  harvests  above,  and  myxovirus-like 
particles  were  -visualized  by  both  immune  and  conventional  electron  micros- 
copy. 

Recovery  of  Presunptive  and_Definite  Coronavirus  strains  by  Cell  Culture 
Teclmiques  -  In  a  previous  annual  report  we  described  the  recovery  of  9 
"2Z9E-like"  viruses,  8  of  which  were  isolated  directly  in  MA  177  cell  cul- 
tures only.     The  MA  177  cell  culture  appears  to  be  the  most  sensitive  cell 
culture  available  for  recovery  of  coronaviruses.     In  last  year's     annual 
report  we  described  the  recovery  in  MA  177  and  for  3  strains  in  HEK  cell 
cultures  also,  of  9  additional  229E-like  viruses^     878,  884,  886,  1133,   1142, 
1152,  1257,  1259,  and  1269,  and  one  presunptive  coronavirus  strain,  859.  No 
additional  cell  culture  strains  of  coronaviruses  have  been  recovered  (through 
period  ending  April  30,  1974) . 

Utilization  of  HET  OC  for  Recoveiy  of  Rhinoviruses  -  Washings  obtained  from 
patients  enrolled  in  the  NIH,  LID  Common  Cold  Study  are  routinely  inoculated 
into  a  variety  of  cell  cultures  as  described  in  project  69C,     If  a  cyto- 
pathic  or  hemadsorbing  agent  is  not  detected,  the  washing  is  routinely  car- 
ried through  3  passages  in  HET  OC.     The  passage  from  the  third  OC  passage  is 
inoculated  into  a  variety  of  cell  cultures  and  if  no  CPE  or  hemadsorption 
are  observed, the  HET  OC  harvest  is  examined  by  the  techniques  of  iminune 
electron  microscopy  and  conventional  electron  microscopy. 

In  last  years     annual  report  we  described  the  recovery  of  5  initially  nega- 
tive in  cell  culture  rhinovirus  strains^  following  inoculation  of  HET  OC 
harvests  into  cell  cultures.   Four  of  these  strains  674,   746,  848,  and  880 
were  typed  as  rhinovirus   (R)78,  R75,  R76  and  R74,  respectively,  whereas  the 
fifth  strain  812  was  not  neutralized  by  sera  to  each  of  the  90  numbered  rhino- 
viruses  and  NIH  strains  604,  607,  and  1169, but  has  been  shown  by  Dr.  Hanparian 
to  be  neutralized  by  strain  SF1803  submitted  by  Dr.   Gwaltney  (See  Project  70B) 

We  have  recovered  9  additional  initially  negative  in  cell  culture  rhinovirus 
strains^ following  inoculation  of  HET  OC  harvests  into  cell  cultures.  A 
description  of  the  9  strains  follows:   (1)  Strain  999  was  recovered  from  a 
washing  obtained  from  a  38  year  old  male  in  MA-177  and  WI-38  cell  cultures 
following  3  HET  OC  passages.     It  produced  a  rhinovirus -like  CPE  and  was  acid 
labile  and  chloroform  stable.     Re isolation  attempts  from  an  original  washing 
in  cell  cultures  were  unsuccessful.     This  strain  was  typed  as  R61. 
(2)  Strain  927  was  recovered  from  a  washing  obtained  from  a  35  year  old  male 
in  MA-177  and  WI-38  cell  cultures  following  3  HET  OC  passages.   It  produced  a 
ihinovirus-like  CPE  and  was  acid  labile  and  chloroform  stable.   Reisolation 
attenpts  from  the  original  washing  in  cell  cultures  were  unsuccessful.  This 
strain  was  not  neutralized  by  sera  to  the  90  numbered  rhinovirus  types  and 
NIH  strains  604,  607,  and  1169.   It  has  been  "purified"  in  three  terminal  di- 
lution passages  in  WI-38  cultures  and  the  "purified"  virus  has  not  been 
neutralized  by  antisera  to  the  90  numbered  rhinoidruses  and  NIH  strains  604, 
607,  and  1169. 
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(3)  Strain  928  was  recovered  from  a  washing  obtained  from  a  35  year  old  male 
in  MA-177  and  WI-38  cell  cultures  following  3  HET  OC  passages.     It  produced 
a  rhinovirus-like  CPE,  and  was  acid  labile  and  chloroform  stable.  Reisolation 
attenpts  from  the  original  washing  in  cell  cultures  were  unsuccessful.   It 

was  not  neutralized  by  sera  to  the  90  numbered  rhinovirus  types  and  NIH  strains 
604,  607  and  1169.     It  has  been  purified  in  three  terminal  dilution  passages 
in  WI-38  cell  cultures  and  the  purified  \drus  has  not  been  neutralized  by  anti- 
sera  to  the  90  numbered  rhinoviruses  and  NIH  strains  604,  607,  and  1169. 

(4)  Strain  939  was  recovered  from  a  washing  obtained  from  a  20  year  old  female 
in  MA- 177  and  monkey  kidney  cell  cultures  following  3  HET  OC  passages.  This 
agent  produced  a  rhinovirus-like  CPE, and  was  acid  labile  and  chloroform  stable. 
Reisolation  attempts  from  the  original  washing  in  cell  cultures  were  unsuc- 
cessful.    It  was  not  neutralized  by  sera  to  the  90  numbered  rhinovdrus  types 
and  NIH  strains  604,  607,  and  1169.     It  has  been  "purified"  in  three  terminal 
dilution  passages  in  WI-38  cultures  and  the  "purified"  virus  has  not  been 
neutralized  by  antisera  to  the  90  numbered  rhinoviruses  and  NIH  strains  604, 
607,  and  1169. 

(5)  Strain  1058  was  recovered  from  a  washing  obtained  from  a  38  year  old  male 
in  M-177  and  WI-38  cell  cultures  following  3  HET  OC  passages.  This  agent 
produced  a  rhinovirus-like  CPE^and  was  acid  labile  and  chloroform  stable.   Re- 
isolation attempts  from  the  original  washing  in  cell  cultures  were  unsuc- 
cessful.  It  was  typed  as  R80. 

(6)  Strain  1049  was  recovered  from  a  washing  from  a  27  year  old  female  in 
Mfii-177  and  WI-38  cell  cultures  following  3  HET  OC  passages.   It  produced  a 
rhinovirus-like  CFE^  and  was  acid  labile  and  chloroform  stable.  Reisolation 
attempts  from  the  original  washing  were  successful  in  MA- 17 7  and  WI-38  cell 
cultures. 

(7)  Strain  1083  was  recovered  from  a  washing  from  a  22  year  old  female  in 
MA-349,   (semi-continuous  human  eirbryonic  intestine)   cell  cultures  following 
3  HET  OC  passages.     It  produced  a  rhinovirus-like  CPE^ and  was  acid  labile 
and  chloroform  stable.     Reisolation  attempts  from  the  original  washing  were 
successful  in  MA-177  cell  cultures. 

(8)  Strain  1072  was  recovered  from  a  washing  from  an  18  year  old  female  in 
MA-177  and  WI-38  cell  cultures  following  3  HET  OC  passages.   It  produced  a 
characteristic  rhinovinjs-like  CPE. 

(9)  Strain  1174  was  recovered  from  a  washing  from  a  50  year  old  female     in 
MA-177,  WI-38,  HEK,  and  MK  cell  cultures  following  3  HET  OC  passages.   It 
produced  a  characteristic  rhinovirus-like  CPE. 
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Detection  of  a  Presunptive  Rhinovirus  strain  by  Imnune  Electron  Microscopy  - 
Strain  816  was  visualized  by  immune  electron  microscopic  study  of  an  HET  OC 
harvest.  A  washing  was  obtained  from  a  42  year  old  female.  It  was  inoculated 
into  a  variety  of  cell  cultures;  CPE  or  hemadsorption  was  not  detected.  The 
washing  was  then  carried  throu^  3  passages  in  HET  OC.  The  harvest  of  the 
3rd  OC  passage  was  reinoculated  into  a  variety  of  cell  cultures ;  CPE  or 
hemadsorption  was  not  detected.  The  3rd  OC  harvest  was  examined  by  immune 
electron  microscopy  using  a  1:20  dilution  of  the  patient's  convalescent 
serum  as  the  source  of  antibody  according  to  the  method  outlined  above  in 
the  section  "Detection  of  Coronaviruses  in  HET  Organ  Culture  Harvests  by 
Immune  and  Conventional  Electron  Microscopy".  It  was  also  examined  by 
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conventional  electron  microscopy.  Aggregates  of  small  rhinovirus-like 
particles  heavily  coated  with  antibody  were  observed  in  preparations  made 
from  the  pooled  HET  OC  harvests  and  convalescent  semm  mixture.  No  such 
aggregates  were  observed  by  conventional  electron  microscopy. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  search  for  new  agents  using  the  techniques  outlined  above  is  of  iiiportance 
in  identifying  possible  etiologic  agents  of  respiratory  disease  and  as  an 
initial  step  toward  the  ultimate  goals  of  prevention  and  therapy.     The  recovery 
of  new  agents  such  as  those  described  above  attests  to  the  value  of  this  en- 
deavor.    Further  study  of  the  biologic  and  biophysical  nature  of  these  viruses, 
and  the  epidemiology  and  pathogenesis  of  diseases  associated  with  them  can  be 
expected  to  bring  us  closer  to  these  goals. 

Proposed  Course  of  Project: 

The  search  will  continue  for    viral  agents  from  patients  with  res- 
piratory disease  using  the  techniques  outlined  in  this  report,  and  any  new 
systems  which  appear  to  be  profitable.     In  addition,  further  attenpts  will 
be  made  to  adapt  the  organ  culture  strains  to  cell  culture  and  to  devise  new 
methods  for  their  study. 

Honors  and  Awards: 

Invited  member  of  the  World  Health  Organization  (WHO) ,  Food  and  Agriculture 
Organization  (FAO)   of  the  United  Nation's  Working  Team  on  Coronavi ruses  in 
the  WHO/FAO  Program  on  Corparative  Virology  (Dr.  Kapikian) . 

Invited  mentier  of  International  Coronavi rus  Study  Group  (Dr.  Kapikian). 

Invited  speaker  at  the  International  Associaton  of  Biological  Standardization 
Syiiposium  on  "Immmity  to  Infections  of  the  Respiratory  System  in  Nfan  and 
Animals"  in  London,  England.     Presentation  entitled  "Clinical,  Epidemiologic 
and  Laboratory'  Studies  of  Coronavi  ruses"  (Dr.  Kapikian) .  (April  22,  1974). 
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Project  Description: 


Objectives:  (1)  To  evaluate  temperature  sensitive  mutants  and  recombinants  of 
influenza  A  virus  for  evidence  of  attenuation  in  adult  volunteers;  (2)  To 
characterize  the  serum  and  local  respiratory  tract  anti-neuraminidase  antibody 
response  of  man  to  infection  with  wild  type  or  attenuated  influenza  A  virus; 
(3)  To  evaluate  the  infectivity  and  clinical  response  to  ts  mutants  of  M. 
pneumoniae. 

Methods  Employed: 

(1)  Influenza  virus  -  The  subjects  for  these  studies  were  volunteers  from  the 
District  of  Columbia  Reformatory  in  Lorton,  Virginia  and  the  Maryland  House 
of  Correction,  Jessup,  Maryland.  The  influenza  virus  suspensions  used  were 
subjected  to  extensive  safety  tests  and  adventitious  agents  were  not  detected. 
Men  were  selected  on  the  basis  of  general  good  health  and  absence  or  low 
level  of  serum  neutralizing  antibody  titer  for  influenza  A  (H3N2).  Informed 
consent  was  obtained  prior  to  participation  in  the  study.  The  men  were  maintained 
in  isolation  in  a  dormitory  for  2  weeks.  Volunteers  were  examined  daily  by  two 
physicians,  and  cultures,  respiratory  secretions,  and  blood  samples  were  taken 
when  appropriate.  The  men  were  inoculated  intranasally  with  10-^'OtCID5o  to 
lO'-^TCIDso  of  virus  as  a  coarse  droplet  aerosol  (DeVilbiss  atomizer). 
Nasopharyngeal  washings  for  virus  isolation  were  collected  in  veal  infusion  broth 
daily  and  inoculated  into- rhesus  monkey  kidney  roller  tube 
were  examined  for  presence  of  a  hemadsorbing  virus  every  5 
after  10  days  if  negative.  Virus  isolates  were  identified 
inhibition  test.  Nasal  antibody  levels  were  determined  by 
technique  and  serum  antibody  by  hemagglutination-inhibition. 


cultures.  Cultures 
days  and  discarded   | 
by  the  hemadsorption-" 
the  neutralization 


(2)  M.  pneumoniae  -  Volunteers  were  selected  for  the  lowest  possible  level  of 
serum  metabolism-inhibition  antibody.  10'  CFU  of  the  ts-H43  mutant  were  given 
by  the  nasopharyngeal  route  to  16  adult  volunteers.  The  men  were  housed  in 
an  isolated  dormitory  and  were  sampled  eyery   other  day  for  presence  of 
mycoplasma  in  their  nasopharynx.  Nasal  wash,  sputum  and  serum  were  collected 
periodically  for  study  of  immunological  response  to  the  M.  pneumoniae  mutant. 

Major  Findings: 

A  .  Influenza  A/Udorn/(H3N2-1972)  ts-l[E]  recombinants  -  Two  of  the  Udorn/ts-l[E] 
recombinant  viruses  were  selected  for  initial  investigation,  clone  13  which  has 
a  39°C  shutoff  and  clone  16  which  has  a  38°C  shutoff.  The  former  was  given 
to  10  volunteers  at  the  University  of  Rochester  by  Dr.  Gordon  Douglas  and 
his  associates  and  to  10  volunteers  at  Jessup  or  Lorton  Reformatories  by  LID 
investigators.  lO'TCIDso  of  an  allantoic  cavity-gcown  suspension  of  virus 
was  administered  intranasally.  In  each  group  of  10  men,  2  developed  a  mild 
febrile  flu-like  illness  with  a  maximum  temperature  less  than  38°C.  In 
comparison,  wild  type  influenza  A  (H3N2-1972)  virus  produced  illness  in  50%  of 
seronegative  men  given  10^-^TCID5o.  In  previous  studies  with  two  39°C  shutoff 
Hong  Kong  mutants,  ts-l[C]  and  ts-l[H]  also  appeared  to  be  attenuated  compared 
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to  wild  type  virus  but  these  recombinants  caused  mild  febrile  illness  which  was 
unacceptable  for  a  vaccine  candidate  strain,  studies  with  16C1,  a  38°C  shutoff 
Udorn/ts-l[E]  recombinant,  have  been  more  encouraging  in  that  all  infections 
have  been  silent.  However,  in  studies  completed  to  date  only  half  of  the  30 
seronegative  volunteers  given  105-5tciD50  of  the  16C1  recombinant  have  developed 
a  serum  antibody  response.  Studies  employing  a  larger  inoculum  of  the  15C1 
virus  are  currently  underway.  At  this  stage,  the  data  conforms  to  the  working 
hypothesis  that  the  defined  ts-l[E]  lesions  are  associated  with  a  predictable 
and  transferable  level  of  attenuation  for  a  wild  type  influenza  virus  bearing 
a  new  surface  hemagglutinin  antigen.  Further,  the  13  recombinant  which  contains 
only  one  of  the  ts-UE]  lesions  and  which  has  a  39°C  shutoff  temperature  appears 
to  be  less  attenuated  in  man  than  the  16C1  recombinant  which  contains  both 
putative  ts-l[E]  lesions  and  which  exhibits  a  greater  degree  of  temperature 
sensitivity. 

B.  Wild  type  influenza  A/Ann  Arbor/Marton/43  (HON!)  virus  -  A  major  difficulty 
in  evaluating  ts  mutants  of  influenza  A  virus  in  man  for  their  level  of 
attenuation  and  immunogenicity  involves  a  scarcity  of  seronegative  volunteers. 
One  possible  way  to  circumvent  this  is  by  studying  an  HONl  virus  which  could 
serve  as  the  wild  type  virus  and  as  the  recipient  of  ts  lesions  from  ts  viruses 
bearing  antigens  of  other  subtypes  (i.e.,  H3N2-ts).  All  individuals  born  after 
the  HONl  virus  disappeared  from  circulation  in  1947  should  be  seronegative 
for  the  HO  hemagglutinin  and  could  therefore  serve  as  volunteers.  This 
would  include  the  college     population.  We  obtained  an  HONl  virus-influenza 
A/Ann  Arbor/Marton/43  which  had  been  passaged  a  few  times  only  in  eggs  and  was 
thus  suitable  for  evaluation  in  man.  It  was  necessary  to  evaluate  the  level  of 
virulence  of  this  wild  type  virus  before  we  could  evaluate  the  effect  of  the 
aquisition  of  a  ts  lesion  on  its  virulence.  We  were  disappointed  to  find  that 
this  virus  possessed  a  high  human  infectious  doseso  (IOStcIDsq).  When  an  inoculum 
of  lO^TCIDso  was  given,  only  one  of  5  volunteers  shed  virus,  none  became  ill 
and  none  developed  serum  HAI  antibody.  At  a  dose  of  10^  TCID50,  2  of  5  men 
developed  mild  illness,  2  shed  virus,  and  3  developed  serum  antibody.  However, 
none  of  the  3  men  who  received  IO^TCIDsq  was  infected.  These  observations  are 
in  contrast  to  our  previous  findings  that  lO^-^TCIDso  of  influenza  A/HK/68 
wild  type  (H3N2)  virus  (passaged  twice  in  human  embryonic  kidney  culture) 
produced  illness  in  6  of  7  men  tested.  It  is  likely  that  the  HONl  virus  which 
had  been  passaged  in  eggs  was  not  highly  infectious  for  man  and  therefore  not 
a  reasonable  wild  type  virus  for  introduction  of  ts  lesions  from  influenza  A 
virus  subtypes. 

Present  attempts  to  obtain  a  suitable  HONl  virus  include  passage  of  the  virus 
isolated  from  the  above  volunteers  in  bovine  embryonic  kidney  culture  and  a 
re-evaluation  of  its  virulence  for  man.  In  addition,  appropriate  investigators 
in  the  United  States  and  abroad  have  been  asked  if  they  had  other  suitable 
influenza  A  virus  (HONl)  strains  for  evaluation  in  man  for  virulence. 

(C)  Influenza  B  virus  -  Temperature  sensitive  mutants  of  influenza  B/1959 
virus  are  available  for  recombination  with  current  strains  of  influenza  B 
virus.  It  is  hoped  and  expected  that  influenza  B  virus  will  behave  like 
influenza  A  virus  in  that  the  acquisition  of  a  ts  lesion  through  recombination 
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will  result  in  attenuation  of  wild  type  B  virus.  Influenza  B  virus  recently 
has  undergone  extensive  antigenic  variation  in  the  past  2  years  and  two 
definable  variants  of  the  B  virus  have  emerged.  One  variant  influenza  B/HK/ 
5/73  is  distinctly  different  from  the  previously  prevalent  influenza  B/Mass/71 
virus  strain.  The  other  variant  is  intermediate  in  its  antigenic  composition 
between  the  B/Mass/71  and  B/HK/73  strains.  We  obtained  a  B/HK/5/73  strain 
isolated  and  cloned  in  RIF-free  eggs  (at  10"^^  dilution)  from  the  WHO 
Influenza  Centre  in  England. 

We  prepared  this  virus  for  evaluation  in  man  and  found  that  at  10^  TCIDso/man 
only  2  of  4  volunteers  shed  virus,  but  illness  did  not  develop.  Since  this 
virus  suspension  titered  only  10°TCID5o  it  was  felt  that  it  did  not  possess 
the  desired  degree  of  virulence.  Passage  of  the  virus  and  cloning  in  eggs 
may  have  been  responsible  for  its  loss  of  virulence.  Therefore,  recent  strains 
of  B/HK/5/73  like  viruses  isolated  in  Washington,  D.C.  at  Children's  Hospital 
and  passaged  only  in  tissue  culture  are  being  prepared  for  similar  evaluation. 

(D)  Mycoplasma  pneumoniae  -  Last  year  we  described  the  production  and 
characterization  of  a  series  of  temperature  sensitive  (ts)  mutants  of  M. 
pneumoniae.  Mutants  were  selected  which  were  restricted  in  growth  on  agar  at 
i36°C,  37°C,  or  38°C.  At  these  temperatures  the  wild  type  organism  grew  without 
restriction.  Missense  mutants  of  the  ts  class  were  sought  with  the  expectation 
that  their  temperature  sensitive  defects  would  restrict  growth  in  vivo  at  the 
temperature  of  the  lower  respiratory  tract  (37°C),  whereas  replication  would 
not  be  seriously  impaired  in  the  cooler  environment  of  the  upper  respiratory 
passages  (32°-34°C).  Five  ts  mutants  of  M.  pneumoniae  with  restrictive 
temperatures  between  36°  and  38°C  were  selected  for  in  vivo  studies  because  of 
their  high  degree  of  in  vitro  genetic  stability.  It  was  shown  that  these 
mutants  were  attenuated  for  the  Syrian  hamster  and  prior  infection  with  those 
mutants  able  to  replicate  in  the  hamster  induced  prolonged  resistance  to  subse- 
quent challenge  with  wild  type  organism.  Importantly,  the  latter  mutants  were 
completely  stable  genetically  in  vivo  as  well  as  in  vitro. 
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The  next  mutant  after  ts-640  in  the  temperature  sensitivity  gradient  is  ts-H43. 
This  organism  was  completely  restricted  in  growth  on  agar  at  37°C  and  was 
highly  attenuated  being  non-infectious  for  hamsters  and  guinea  pigs.  In 
contrast,  ts  mutants  less  defective  than  ts-H43,  i.e.,  mutants  with  a  higher 
temperature  shutoff,  produced  an  extensive,  prolonged  infection  in  these  rodents, 
Although  mutant  ts-H43  lacked  infectivity  for  hamsters  and  guinea  pigs  we  were 
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prompted  to  evaluate  this  organism  in  man  because  a  mutant  which  was  slightly 
less  temperature  sensitive  (ts-640)  was  infectious  for  man  and  retained  some 
virulence. 

As  described  previously,  of  the  5  genetically  stable  ts  mutants  of  M.  pneumoniae 
investigated  extensively  in  vitro  and  in  vivo  the  ts-H43  mutant  exhibited  the 
next  to  the  most  temperature  sensitivity.  Unlike  the  wild  type  organism  which 
formed  colonies  on  agar  medium  without  restriction  between  32°C  and  38°C  the 
ts-H43  mutant  was  unable  to  produce  colonies  at  37°C  or  38°C.  The  shutoff 
temperature  of  ts-H43  was  rather  sharp  in  that  colony  formation  was  efficient 
at  36°C. 

Each  of  the  16  men  given  the  mutant  by  the  intranasal  route  became  infected. 
Thirteen  of  the  volunteers  shed  M.  pneumoniae,  while  each  of  the  men  developed 
a  significant  rise  in  serum  antibody  as  measured  by  CF,  MI  and/or  MCT.  The 
initial  day  of  shedding  varied  considerably--from  the  first  to  the  21st  day 
after  administration  of  the  mutant.  The  duration  of  shedding  was  also  variable 
ranging  from  one  day  to  42  days  or  greater. 

None  of  the  78  isolates  recovered  from  the  volunteers  produced  colonies  on 
agar  at  38°C,  whereas  colony  formation  was  efficient  at  32°C.  A  more  stringent 
test  for  genetic  alteration  of  the  ts  lesion(s)  was  performed  with  the  last 
isolate  recovered  from  each  infected  volunteer.  The  last  isolates  were  tested 
for  efficiency  of  colony  formation  at  both  37°C  and  38°C  in  water  baths  which 
did  not  vary  in  temperature  more  than  0.05°C.  None  of  the  last  isolates  produced 
colonies  at  either  37°C  or  38°C.  These  findings  suggest  that  the  ts-H43  mutant 
did  not  undergo  a  change  in  its  ts  phenotype  during  growth  in  man. 

Because  of  the  apparent  importance  of  local  immune  mechanisms  in  resistance  to 
M.  pneumoniae  disease  we  studied  the  secretory  IgA  antibody  response  of 
volunteers  infected  with  the  ts-H43  mutant.  Thirteen  of  the  16  men  were  able 
to  produce  serial  sputum  samples.  Eleven  of  these  men  (84%)  developed  a 
significant  (i.e.,  3-fold  or  greater)  increase  in  M.  pneumoniae  IgA  antibody 
as  measured  by  radioimmunoprecipitation  using  -^H-oleic  and  ^H-palmitic  acid 
labelled  organisms.  Eight  of  the  responses  were  6-fold  or  greater.  In  each 
instance  the  maximum  secretory  response  occurred  at  the  end  of  the  second  week 
or  later.  An  increase  in  secretory  antibody  in  nasal  secretions  was  seen  less 
often  than  in  sputum.  Eight  of  the  volunteers  developed  a  3-fold  or  greater 
increase  in  M.  pneumoniae  IgA  antibody  in  nasal  secretions. 

The  secretory  antibody  responses  to  ts-H43  appeared  to  occur  as  frequently  and 
to  be  of  the  same  magnitude  as  the  responses  of  volunteers  who  were  infected_ 
with  a  partially  attenuated  wild  type  suspension  of  M.  pneumoniae.  In  addition, 
the  secretory  antibody  responses  of  the  ts  H43  infected  volunteers  were  similar 
in  frequency  and  magnitude  to  those  described  for  a  larger  group  of  men  infected 
with  wild  type  M.  pneumoniae. 

None  of  the  men  infected  with  the  ts-H43  mutant  developed  any  signs  or  symptoms 
of  illness  during  the  28  day  period  of  intensive  medical  surveillance  following 
administration  of  the  inoculum.  There  were  no  elevations  of  temprature  nor  did 
any  of  the  men  develop  any  signs  of  symptoms  involving  the  respiratory  tract. 
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1 
In  summary,  in  the  present  study  each  of  16  volunteers  underwent  a  completely 
silent  infection  with  mutant  ts-H43.  Infection  of  the  respiratory  tract  was    i 
extensive  enough,  however,  to  stimulate  a  moderate  local  secretory  antibody     f 
response  as  well  as  a  systemic  antibody  response.  These  observations  suggest 
that  the  ts-H43  organism  had  achieved  the  desired  balance  between  attenuation 
(defectiveness)  and  antigenicity.  The  development  of  a  respectable  local 
antibody  response  was  particularly  encouraging  because  of  the  mounting  evidence 
that  local  immunological  factors  in  the  respiratory  tract  play  a  major  role  in 
protecting  the  host  against  M.  pneumoniae  disease. 

Preliminary  observations  from  a  challenge  of  ts-H43  vaccine  with  partially 
attenuated  wild  type  (ts+)  M.  pneumoniae  suggested  that  the  mutant  had  induced 
resistance  to  infection.  In  the  challenge  study  resistance  to  illness  could 
not  be  evaluated,  however,  infection  with  wild  type  (ts+)  organisms  appeared 
to  be  suppressed  in  men  previously  given  the  ts-H43  mutant. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

In  practical  terms  the  results  of  the  first  volunteer  studies  with  M. 
pneumoniae  mutant  ts-H43  are  sufficiently  encouraging  to  warrant  cautious 
expansion  of  evaluation  of  the  mutant  in  larger  numbers  of  volunteers. 
Furthermore,  while  several  attempts  to  use  temperature  sensitive  mutants  of 
respiratory  viruses  for  vaccine  purposes  have  yielded  encouraging  results,  the 
present  effort  represents  the  first  application  of  this  technique  to  free     ^ 
living  organisms.  The  promising  results  presented  here  may  offer  a  new 
approach  toward  the  control  of  other  bacterial  respiratory  pathogens. 

At  this  time  our  experience  with  the  1972  Udorn  ts-l[E]  recombinants  in  the 
laboratory  and  in  seronegative  volunteers  conforms  to  our  working  hypothesis 
that  the  defined  ts-l[E]  lesions  are  associated  with  a  predictable  level  of 
attenuation  when  transferred  into  a  wild  type  influenza  A  virus  bearing  new 
surface  antigens.  These  observations  have  significance  for  the  Institute's 
program  of  development  of  new  and  more  effective  means  for  immunoprophylaxis 
of  influenzal  disease.  *-     t^  j 

Proposed  Course  of  Study: 

We  plan  to  extend  our  evaluation  of  the  ts-H43  mutant  of  M.  pneumoniae  in  a 
larger  group  of  seronegative  adult  volunteers.  An  attempt  will  be  made  to 
infect  volunteers  by  feeding  the  mutant. 

Evaluation  of  the  ts-l[E]  recombinants  of  Udorn  1972  (H3N2)  will  continue  in  a 
larger  group  of  seronegative  subjects. 

Honors  and  Awards:  None 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  VIRAL  DISEASES,  NIAID 
July  1,  1973  -  June  30,  1974 

Dr.  Wallace  P.  Rmoe 
Chief,  Laboratory  of  Viral  Diseases 


In  general,  FY  1974  has  been  a  productive  -..av   for  LVD,  but  not  without 
I  difficulties .   The  problem  of  rigidly  limited  position  slots  and  space  has 
repeatedly  caused  stresses  and  friction.   These  problems  are  compounded  by 
the  very  unhealthy  atmosphere  of  insecurity  pervading  medical  research;  any 
immediate  threat  to  "productivity"  (interpreted  in  short-range  terms)  is 
recognized  as  a  very  real  threat  to  one's  career.   Fuses  are  short. 

On  the  brighter  side,  LVD  received  two  coveted  honors,  in  that  Dr.  Rowe  was 
awarded  the  Ricketts  Award  and  the  USPHS  Distinguished  Service  Medal. 

IJA  major  focus  of  work  in  LVD  is  on  the  genetic  transmission  of  murine  leukemia 

'virus  in  mice.   Our  previous  work  has  provided  compelling  evidence  that  in 
high-virus  strains  such  as  AKR  the  capacity  to  produce  virus  is  present  in 

I  every  cell  and  is  inherited  as  a  classical  chromosomal  element.   The  crucial 
question  whether  the  chromosomal  loci  represented  integrated  viral  genomes  or 
were  genes  which  facilitated  expression  of  RNA  copies  of  the  virus  had  not 
■en  settled.   By  means  of  biochemical  studies  we  have  now  been  able  to 

I  resolve  this  point  and  open  up  a  large  area  of  inquiry  into  the  nature  of 

I  these  genes . 

We  have  now  established  that  the  complete  genome  of  the  virus  is  present  in 
cell  DNA,  and  further,  that  in  virus-positive  strains  the  number  of  DNA  copies 
of  one  portion  of  the  viral  genome  correlates  with  the  rate  of  spontaneous 
induction,  that  the  strains  which  do  not  yield  AKR-type  leukemia  virus  lack 
this  part  of  the  genome,  and  that  inheritance  of  virus-inducibility  is 
accompanied  by  inheritance  of  these  DNA  sequences.   Thus,  it  is  now  clear 
that  the  virus  inducing  genes  are  in  fact  viral  sequences  present  in  the 
chromosomes.   In  addition  to  its  implication  for  virology  and  carcinogenesis, 
this  finding  means  that  for  the  first  time  a  eukaryotic  gene  can  be  studied 
simultaneously  as  a  functional  and  biochemical  entity;  this  could  have  major 
applications  to  the  field  of  molecular  genetics  of  higher  organisms. 

These  studies  provide  a  dramatic  example  of  the  Impossibility  of  keeping 
scientific  development  within  the  artificial  framework  of  categorical  institutes. 

A  potentially  major  development  has  been  made  in  the  program  on  host  defenses, 
in  that  a  stable  and  relatively  non-toxic  interferon  inducer  has  been  developed. 
A  complex  of  poly  I:poly  C,  polylysine,  and  carbcxymethylcellulose,  it  is 
resistant  to  the  serum  nucleases  which  hydrolyse  poly  I: poly  C.   Since  this 
hydrolysis  is  probably  the  major  reason  for  the  poor  efficacy  of  poly  I: poly  C 
in  man,  the  way  may  now  be  open  to  properly  evaluate  the  clinical  use  of 
iterferon  inducers . 
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Biochemical  detection  of  murine  leukemia  virus  (MLV)  sequences  in  cell  DNA. 
By  using  a  DNA  probe   prepared  by  the  reverse  transcriptase  reaction  with 
AKR-MLV,  we  have  found  that  mouse  cells  contain  two  classes  of  viral  sequences 
in  the  DNA.   One  set  is  present  in  all  mice,  with  7  to  10  copies  per  haploid 
genome.   The  other  set  is  found  only  in  strains  which  yield  AKR-type  virus, 
and  the  number  of  copies  correlates  with  the  high-  or  low-virus  character  of 
the  strain  (Chattopadhyay,  Lowy,  Teich,  Rowe) . 

Lack  of  allelism  of  virus-inducing  genes  in  different  mouse  strains.   We  have 
now  definitively  mapped  one  of  the  3  virus-inducing  loci  of  the  high-virus 
C3H/Fg  strain.   It  is  at  a  completely  different  site  on  linkage  group  I  from 
Akv-1,  being  adjacent  to  the  Hbb  locus.   Further,  preliminary  data  on  another 
high-virus  strain,  C58,  indicates  that  this  strain  also  has  a  V  locus  on  LG-I, 
near  but  not  at  Akv-1.   Since  this  mouse  possesses  3  or  4  V  loci,  definitive 
mapping  will  require  several  generations  of  backcrossing  to  be  sure  that  the 
LG-I  locus  has  been  segregated  away  from  the  others.  [Rowe,  Bremner  (Howard 
University) ] . 

B-tropic  MLV  inducible  from  BlO.Br  strain  of  mice.   A  major  unsolved  problem 
in  the  biology  of  MLV  is  the  origin  of  B-tropic  viruses.   Several  strains 
of  mice  (BALB/c,  B10.D2)  show  high  frequency  of  B-tropic  virus  in  adult  life, 
but  embryo  tissue  cultures  yield  only  N-tropic  virus  when  induced  with  lUdR. 
We  have  now  found  that  one  subline  of  BlO.Br  rather  consistently  yields 
B-tropic  virus  as  well  as  N-tropic  virus  from  embryo  cultures  and  cell  lines 
therefrom.   Each  clone  has  the  ability  to  yield  both  viruses,  and  activation 
of  either  virus  is  independent  of  the  other.   Capacity  to  yield  B-tropic 
virus  can  be  transmitted  by  the  male.   (Moll,  Hartley,  Rowe). 

Genetics  of  gs  and  Gjx  antigen  induction.   In  cooperation  with  Sloan-Kettering 
Institute  Scientists,  a  study  of  the  relationship  of  the  AKR  virus-inducing 
genes  to  the  expression  of  gs  and  Gjx  antigens  has  been  carried  out  in  crosses 
of  C57L  (virus  negative)  and  AKR  (high  virus)  mice.   The  results  indicate 
that  gs  and  G-ry  antigens  can  be  expressed  not  only  because  of  infectious 
virus  induced  by  two  AKR  V  loci,  but  also  by  an  additional  locus  which  induces 
these  antigens  in  the  absence  of  infectious  virus  [Rowe;  Ikeda ,  Stockert, 
Boyse  (Sloan-Kettering)]. 

MULV  with  heterologous  species  host  range.   A  fluorescent  antigen  induction 
assay  has  been  developed  for  detecting  and  quantitating  non-mouse  tropic 
(xenotropic)  MULV,  a  class  of  viruses  first  described  by  LVD  scientists  in 
NZB  mice  and  now  recognized  as  being  of  widespread  natural  occurrence, 
probably  in  all  strains  of  mice.   In  contrast  to  the  clearly  dir.tinct  host 
ranges  of  mouse-tropic  and  xenotropic  isolates  from  laboratory  mice,  viruses 
of  feral  mouse  origin  have  been  found  to  replicate  in  both  mouse  and  heter- 
ologous species  cell  cultures.   By  limiting  dilution  purification  techniques 
it  has  been  possible  to  distinguish  a  component  population  capable  of  growing 
only  in  mouse  cells.   We  suspect  that  these  are  complex  viral  populations 
involving  both  helper-defective  virus  interactions  and  segregating  hetero- 
zygotes .  (Hartley). 


armphocytes  transtormed  ^n  vitro  by  Abelson  MLV.   The  Abelson  virus,  which 

produces  non-thymic  lymphomas  and  plasma  cytoraas  in  vivo,  has  been  found  to 
oncogenically  transform  thymus- independent  splenic  lymphocytes  in  vitro,  in 
that  infected  cultures  transplant  into  mice  as  lymphomas.   This  is  the  first 
time  that  a  C-type  RNA  virus  has  been  shown  to  transform  lymphoid  cells  in 
vitro.   [Sklar,  Rowe ,  Watson  (Salk  Institute)]. 

Maternal  resistance  factor  identified.   About  half  of  C3H/NeN  mothers  have 
been  found  to  induce  extremely  strong  resistance  to  MLV  infection  in  their 
offspring.   This  was  demonstrated  with  both  genetically  transmitted  virus, 
using  C3H^  X  AKRcf  matings,  and  with  exogenous  infection  (inoculating  the 
babies  with  virus  at  birth).   Foster-nursing  experiments  showed  that  the 
resistance  was  transferred  via  the  milk.  (Rowe). 

lUdR  enhancement  of  adenovirus  growth.   Pretreatment  with  lUdR  has  been 
found  to  increase  the  efficiency  of  adenovirus  infection  of  partially 
restrictive  cells  by  10-  to  30-fold.    The  enhancement  is  seen  with  T-antigen 
induction  as  well  as  ilaque  formation  and  virus  yield,  and  thus  may  involve 
a  block  to  early  events  such  as  uncoating  or  early  transcription.  (Staal, 
Rowe) . 
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New  virus  of  house  mice.   A  new  agent,  apparently  viral,  has  been  found  in 
kidney  cultures  from  feral  Mus  musculus .   The  agent  has  many  properties  of 
myxoviruses,  but  does  not  hemagglutinate  or  hemadsorb.   It  has  a  remarkably 
broad  host  range  in  tissue  culture  (Manders,  Rowe). 
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elective  inactivation  of  mycoplasma  contaminants  of  virus  suspensions.   It 
has  been  found  that  virus  preparations  contaminated  with  mycoplasma  can  be 
cleaned  up  by  treatment  with  phenylethyl  alcohol,  even  with  delicate  enveloped 
viruses  (Staal,  Rowe). 

Organization  of  the  early  SV40  genome.   The  non-defective  Adeno-SV40  hybrids 
contain  only  early  segments  of  the  SV40  genome.   The  separated  strands  of 
DNA  from  each  of  the  nondefective  hybrids  were  found  to  react  equally  with 
early  +  late  SV40  DNA.   Since  the  light  strand  of  the  hybrid  genome  contains 
all  the  early  SV40  DNA  sequences  while  the  late  SV40  sequences  are  located 
on  the  heavy  Ad2  strand,  these  findings  suggest  either  the  presence  of  equal 
amounts  of  early  and  late  SV40  DNA  within  the  early  region  of  the  SV40 
chromosome,  or  extensive  symmetrical  transcription  of  this  region.  [Patch, 
Levine  (NCI);  Lewis]. 

Transcription  of  SV40  DNA  segments  contained  in  hybrid  virions.   SV40  RNA 
from  nondefective  hybrid  infected  cells  reacted  only  with  the  minus  strand 
of  intact  SV40  DNA.   These  RNAs  also  reacted  with  the  minus  strand  of  the  G 
fragment  (a  strand  containing  only  antilate  SV40  sequences  whi;h  is  produced 
by  digestion  of  SV40  DNA  with  H.  influenzae  restriction  enzyme).   These 
findings  are  comparable  to  studies  on  transcription  of  SV40  DNA  integrated 
into  transformed  cells  in  that  only  the  minus  strand  of  the  SV40  genome  is 
transcribed  in  both  instances.   These  findings  demonstrate  significant 
alterations  in  transcription  of  the  SV40  genome  after  integration  into  either 
llular  or  viral  chromosomes.   Such  alterations  apparently  exclude  the 
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transcription  of   late   SVAO   sequences    [Khoury   (LBV);    Levine   (NCI) 
(Harvard) ;    Lewis ] . 
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Development  of  a  quantitative  assay  for  Ad2  transformation.   Using  UV 
inactivated  virions  an  assay  has  been  devised  to  study  the  efficiency  of 
Ad2  in  transforming  hamster  cells.   Initial  tests  demonstrated  that  the  induc- 
tion of  transformed  foci  is  proportional  to  the  dose  of  the  inoculum.   Further 
studies  have  shown  that  the  efficiency  of  transforming  5  lots  of  hamster  cells 
varied  from  10°-'  plaque  forming  units  per  focus  forming  unit  (PFU/FFU)  to 
10°'^  PFU/FFU.   Such  an  assay  will  be  useiLii  in  comparing  the  efficiency 
of  transformation  by  Ad2  and  the  nondefective  hybrids  as  well  as  among  the 
adeno  serotypes,  (Lewis). 


Transformation  of  hamster  Cells  by  Ad2  and  the  nondefective  hybrids. 
Nonhybrid  Ad2  and  each  of  the  nondefective  hybrids  transformed  hamster 
kidney  cells  in  tissue  culture.   All  cell  lines  established  from  these 
cultures  produced  tumors  when  injected  into  newborn  hamsters.   Every  cell 
line  tested  contained  Ad2  T  antigens.   Only  the  B55  and  ND^  transformed  lines 
contained  SV40  T  and  TSTA  antigens  and  only  the  B55  transformed  line  contained 
SV40  U  antigen.   One  of  the  ND2  transformed  lines  contains  SV40  RNA  but  no 
detectable  SV40  antigens.   These  results  indicate  that  interactions  between 
the  genomes  of  nondefective  hybrids  and  the  cells  they  transform  are  complex 
and  could  involve  the  site  of  integration,  the  size  of  the  incorporated  viral 
genome,  the  transcription  or  translation  of  the  viral  genome,  or  various 
combinations  of  these  processes.  [Lewis;  Levine,  Rabson(NCI) ] . 


Evidence  for  a  foamy  virus  in  human  tonsils. 


A  culture  of  human  tonsil  tissue 


developed  typical  foamy  virus  CPE,  and  passage  of  culture  fluid  to  various 
cell  lines  produced  slight  syncytial  CPE.   The  agent  could  not  be  maintained 
in  serial  passage,  however.   This  provided  further  evidence  that  a  foamy 
virus  occurs  in  man  (Staal,  Rowe) . 
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Stabilization  of  interferon  inducer.   A  derivative  of  poly  I:poly  C  has  been 
made  that  is  more  resistant  than  poly  I: poly  C  itself  to  the  hydrolytic 
action  of  human  serum  enzymes.   This  derivative  is  a  three  way  complex 
containing  poly  I: poly  C,  poly lysine  and  carboxy  methylcellulose .   It  induces 
good  quantities  of  interferon  in  monkeys  and  chimpanzees,  which  the  parent 
compound  did  not.   Preliminary  studies  indicate  that  its  toxicity  is  no 
greater  than  that  of  poly  I: poly  C.   It  is  hoped,  after  suitable  toxicological 
studies  to  try  this  compound  as  an  antitumor  and  antiviral  agent  in  man.  (Levy) 


Human  papovaviruses  not  a  result  of  polio  vaccination.   It  has  been  considered 
possible  that  the  high  prevalence  of  antibody  to  human  papovaviruses,  which 
are  related  to  SV40,  resulted  from  contamination  of  widely  used  monkey  cell 
vaccines.   Serologic  studies  on  sera  collected  prior  to  the  use  of  these 
vaccines  showed  a  similarly  high  frequency  of  antibody  (Takemoto,  Mullarkey) . 

Biochemical  relation  of  BK  and  SV40  viruses.   The  BK  virus,  originally 
isolated  from  the  urine  of  a  renal  transplant  case,  has  been  biochemically 
characterized.   Six  proteins  have  been  identified  in  the  virion  and  the 
major  protein  (VP-1)  appears  to  be  smaller  than  that  of  SV40.   Studies  on 
the  DNA  of  BK  virus  indicates  a  relatedness  to  SV40  to  the  extent  of  only 
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[10  to  207o.   These  studies  are  being  continued  to  determine  which  sequences  of 
the  DNA  of  both  viruses  are  shared  [Takemoto,  Mullarkey,  Martin  (LBV)]. 

Isolation  of  BK  virus  from  patient  with  immunodeficiency  disease  and  tumor. 
A  virus  serologically  very  similar  to  BK  was  isolated  from  a  reticulum  cell 
sarcoma  of  a  Wiscott-Aldrich  patient.   The  virus  was  also  isolated  from  the 
patient's  urine.   Further  cases  of  this  disease  are  being  studied  virol- 
ogically.  (Takemoto). 
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New  type  of  virus  identified  in  ameba.   A  new  and  unique  morphological 
entity,  a  beaded  structure,  has  been  identified  in  nuclei  of  infected  E. 
histolytica.   We  are  currently  attempting  to  isolate  this  entity  and  verify 
our  suspicions  that  it  represents  a  third  amebal  virus  type.  [Mattern, 
Diamond  (LPD) ]. 

Induction  of  interferon  by  single-stranded  viral  RNA.   Studies  of  induction 
of  interferon  by  a  single-stranded  RNA  virus  lacking  virion-associated 
polymerase  under  metabolic  conditions  where  the  virus  cannot  replicate 
demonstrated  full  production  of  interferon.   This  finding  provides  evidence 
that  certain  single-stranded  RNA  viruses  may  produce  interferon  in  the 
absence  of  formation  of  the  double-stranded  RNA  and  it  indicates  areas  to 
examine  for  new  inducers  of  interferon.  (Baron). 


T' 


Effect  of  interferon  on  malaria  parasite.   A  study  of  the  effect  of  viral 
interferons  on  the  growth  of  the  avian  malarial  parasite,  P.  gallinaceum 

rovides  additional  supporting  evidence  for  the  concept  that  interferon 
and  interference  may  affect  the  growth  of  malarial  organisms  _in  vivo.  (Baron) 


Evaluation  of  host  defense  mechanisms  in  herpetic  keratoconjunctivitis.   A 
study  of  herpes  simplex  virus  keratoconjunctivitis  of  the  rabbit  demonstrated 
a  lack  of  relationship  between  local  virus  titers  or  local  antibody  and 
clinical  aspects  of  the  disease.   It  also  indicated  little  role  for  either 
antibody  or  interferon  as  natural  defenses  during  this  infection  of  the 
rabbit.   These  findings  taken  together  with  ongoing  studies  imply  that 
cellular  immunity  might  be  a  more  important  host  defense  factor  for  herpes 
simplex  virus  infections.  (Baron). 

Characterization  of  parvovirus  polypeptides.   Antisera  have  now  been  prepared 
against  purified  polypeptides  of  AAV-1  and  the  bovine  parvovirus,  Haden.   In 
comparative  serological  studies  of  AAV-1, 2  and  3  and  Haden  virus,  cross 
reactivities  and  the  kinetics  of  induction  of  polypeptide  antibody  response 
have  been  defined.   Haden  virus  polypeptide  reagents  showed  no  cross  reactivity 
with  human  parvovirueses .  (Hoggan). 

AAV  carrier  cultures.   A  cell  culture  line  containing  AAV-1  genome  rescueable 
by  challenge  with  adenovirus  helper  has  given  rise  to  clones  carrying  varying 
amounts  of  AAV  genetic  information.   Clones  producing  large  amounts  of  AAV 
following  challenge  carry  approximately  one  AAV  genome  per  host  cell  genome. 
(Hoggan) . 
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Structural  and  ulcrastructural  basis  of  taste.   Continued  studies  on  the 
architecture  and  function  of  mammalian  taste  buds  have  shown  the  presence 
of  a  contractile  mechanism  in  the  mouse  fungiform  bud  as  evidenced  by  extrusion 
of  fluid  from  the  taste  pore  upon  appropriate  stimulus.   A  potential  con- 
tractile element  has  been  identified  in  one  of  the  taste  bud  cell  types. 
Evidence  for  acetylcholine  being  involved  in  the  primary  events  of  taste 
is  supported  by  morphological  and  histochemical  observations.   Synaptic- 
like  vesicles  and  acetylcholinesterase  have  been  identified  by  electron 
microscopy  in  the  taste  pore.   Preliminary  histochemical  evidence  also 
indicates  that  an  acetylcholine  receptor  is  located  within  the  pore.   These 
observations  have  led  to  an  hypothesis  suggesting  that  the  taste  process 
might  be  mediated  by  an  open  cholinergic  synapse.  (Mattern,  Paran) . 
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Project  Description: 

Objectives :   Study  of  the  biology,  immunology,  and  natural  history  of  agents 
associated  with  Marek's  disease  and  of  Type  I  (RIF-type)  and  Type  III 
(Reticuloendotheliosis  -  CSV)  avian  leukemia  viruses  and  guinea  pig  and 
bovine  leukemia  viruses. 

Methods  Employed:   Tissue  culture  systems  and  standard  animal  inoculation 
procedures  were  employed.   Current  methods  were  used  to  define  and  charac- 
terize the  viruses  and  their  antigenic  components  and  the  antibody  responses 
to  them.   Immunofluorescence,  complement-fixation,  agar-gel  precipitation, 
immuno-electrophoresis ,  and  neutralization  tests  were  employed  to  define 
similarities  and  differences  in  the  antigenic  components  of  avian  leukemia 
viruses,  Marek's  herpesvirus,  and  herpes-like  and  C-type  viruses  associated 
with  guinea  pig  and  bovine  leukemia.   Gradient  centrifugaticn,  column  chroma- 
tography, and  analysis  of  viral  protein  and  soluble  antigens  by  polyacrylamide 
gel  electrophoresis  were  used  to  separate  antigenic  components  of  Marek's 
herpesvirus. 

Major  Findings:   Attempts  were  made  to  define  mechanisms  of  immunologic 
tolerance,  cellular  immunity,  and  lympho-proliferative  disease  by  examining 
differences  in  the  gs  antigens  of  oncogenic  and  non-oncogenic  Marek's  disease 


■  < 


^ 


Serial  No.  NIAID  68H 

herpesvirus  strains.   Purification  of  the  gs  antigens  from  a  field  isolate 
and  a  multiple-passaged  laboratory  strain  of  Marek's  herpesvirus  was  completed. 
The  antigens  were  subjected  to  polyacrylamide  gel  electrophoresis  to  attempt 
to  identify  the  antigenic  changes  which  may  be  responsible  for  the  immunologic 
and  pathogenic  characteristics  of  field  strains  after  J^  vitro  adaptation. 
Four  peaks  were  found  in  the  gs  antigen  of  both  the  field  isolate  and  the 
laboratory  adapted  strain.   The  electrophoretic  properties  of  the  proteins  in 
the  gs  antigenic  components  of  both  virus  strains  shared  common  features.   No 
qualitative  and  little  quantitative  differences  in  the  antigens  could  be  dem- 
onstrated by  this  technique.   From  these  observations  one  could  assume  that 
1)  the  changes  observed  in  the  immunogenicity  of  the  gs  antigens  may  be  due 
to  only  minor  alterations  in  the  protein  structure  or  2)  that  the  electro- 
phoretic analysis  used  was  too  insensitive  to  resolve  the  protein  components 
of  the  antigens.   The  changes  in  the  pathogenicity  and  type  of  cytopathic 
effects  of  the  Marek's  disease  herpesvirus  after  laboratory  passage  might  be 
explained  by  such  small  changes,  but  more  likely,  as  with  herpes  simplex 
virus,  by  the  differences  in  the  virus  strains  as  to  their  interactions  with 
infected  host  cells  leading  to  specification  of  different  membrane  proteins 
and  different  effects  on  the  interactions  of  the  infected  cells. 


Proposed  Course  of  the  Project:   Interaction  of  C-type  viruses  and  herpes- 
virus will  be  studied  in  chicken  and  guinea  pig  systems.   High-oncogenic  and 
low  or  non-oncogenic  strains  of  guinea  pig  virus  will  be  grown  and  their  gs 
antigens  will  be  purified  and  studied.   The  C-type  particle  associated  with 
guinea  pig  leukemia  will  be  characterized.   Experiments  using  herpesvirus 
alone  or  multiple  infections  with  herpesvirus  and  the  guinea  pig  C-type 
particle  will  be  performed  to  determine  if  multiple  infection  with  both 
viruses  is  necessary  to  produce  leukemia  in  guinea  pigs  and  transformation  in 
tissue  culture. 

Hamster  embryo  cells  treated  with  UV-irradiated  Marek's  disease  herpesvirus, 
or  UV-lrradiated  or  non-irradiated  guinea  pig  herpesvirus,  both  in  the 
presence  or  absence  of  C-type  particles  will  be  studied  for  transformation 
and  persistence  of  the  viral  genomes  in  the  transformed  cells  which  develop. 
If  isolation  and  high-containment  areas  are  made  available,  studies  with 
oncogenic  and  non-oncogenic  simian  herpesviruses  and  C-type  particles 
associated  with  them  will  be  attempted. 

Hamster  embryo  cells  seem  to  be  extremely  sensitive  in  undergoing  morphological 
cellular  transformation  after  treatment  with  herpesviruses.   At  least  seven 
species  (man,  mice,  rats,  guinea  pigs,  cattle,  monkeys,  and  chickens)  and  the 
hamster  itself  harbor  C-type  particles.   We  will  attempt  to  study  the 
pecularities  of  the  hamster  tissue  culture  cells  and  the  role,  if  any,  of  the 
C-particles  present  in  hamster  transformed  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
guinea  pig  herpesvirus  seems  to  be  a  much  more  useful  laboratory  tool  then 
the  Marek's  disease  herpesvirus  of  chickens.   The  infectivity  titers  of  the 
guinea  pig  virus  are  100-lOOOX  those  obtained  with  the  chicken  herpesvirus, 
and  the  guinea  pig  virus  is  considerably  more  stable.   The  purification  of 
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the  gs  antigens  from  oncogenic  and  non-oncogenlc  strains  should  be  easier, 
and  production  of  higher  titered  material  may  allow  one  to  separate  antigenic 
differences  which  could  be  responsible  for  conversion  of  the  immunologic 
capacity  of  the  virus  strain  after  laboratory  adaptation.   Such  immunologic 
conversions  of  virus  strains  may  have  meaning  in  attempting  to  describe 
mechanisms  of  cellular  immunity,  the  production  of  spontaneous  tumor  regres- 
sion and  to  hypersensitivity  reactions  accompanying  tumor  production  and 
lympho-proliferative  disease. 

The  occurrence  of  transformation  in  cells  with  infectious  or  with  endogenous 
C-type  viruses  and  herpesviruses  may  provide  a  system  to  study  the  possible 
interactions  of  DNA  and  RNA  viruses  implicated  in  oncogenesis.   The  systems 
which  we  have  noted  above  (in  guinea  pigs  and  hamsters)  are  models  which 
could  be  used  to  detect  and  study  these  possible  interactions. 
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Project  Description: 

Objectives;   To  study  the  biological,  immunological,  biophysical  and  bio- 
chemical characteristics  of  the  parvoviruses  in  order  to  further  our  under- 
standing of  the  basic  mechanisms  of  parvovirus  replication  and  persistence, 
thus  gaining  an  insight  to  their  role  in  the  diseases  of  various  hosts 
including  man. 

Methods  Employed:   Various  parvoviruses  from  widely  divergent  phylogenetic 
hosts  are  grown  in  their  homologous  host  cells  with  various  radioactive  labels. 
The  labeled  virus  is  purified  by  treatment  with  various  enzyiries  and  isopycnic 
centrifugation  in  CsCl  gradients.   After  treatment  with  appropriate  antiserum 
to  further  reduce  cell  and  helper  virus  contamination,  the  virus  is  rebanded 
in  CsCl. 

The  viruses  are  disrupted  then  separated  into  their  constituent  polypeptides 
by  polyacrylamlde  gel  electrophoresis.   The  individual  polypeptides  are  then 
characterised  and  antisera  prepared  in  guinea  pigs.   As  new  parvoviruses  are 
isolated  they  are  purified  and  specific  antiserum  prepared  in  laboratory 
animals.   Because  some  of  the  isolates  grow  so  poorly  it  has  been  helpful  to   , 
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use  iramune-electronmicroscopy  for  some  of  our  comparative  studies. 

As  previously  reported  the  technique  of  establishing  AAV-carrier  cultures  in 
the  absence  of  helper  provides  a  model  for  studying  their  persistence  in 
nature.   Such  occult  "lysogenic"  cultures  can  be  induced  to  produce  virus,  as 
measured  by  complement  fixation,  immunoflourescence  (FA)  and  electronmicros- 
copy,  by  appropriate  challenge  with  helper  adenovirus.   DNA/DNA  reassociation 
kinetics  using  hydroxyappatite  for  the  detection  of  single  stranded  DNA  are 
used  for  detecting  AAV-DNA  in  the  "lysogenic"  carrier  cultures. 


Major  Findings :   Previous  studies  have  shown  that  the  polypeptides  of  AAV-3 
were  not  only  immunogenic  in  experimental  animals  but  that  such  antibody  was 
specific  for  each  of  fhe  earlier  described  polypeptides  in  vitro  and  further, 
the  polypeptide  antisera  did  not  react  with  whole  AAV  virions. 

On  the  other  hand,  such  sera  could  be  used  to  follow  the  development  of  the 
polypeptides  in  thi  host  cell  using  FA.   Similar  polypeptide  sera  have  now  been 
prepared  against  AAV-1  and  the  non-helper  dependent  bovine  parvovirus  (Haden) . 
Again  the  new  sera  do  not  neutralize  vinxs  but  can  be  used  in  CF,  FA  and 
immunodifusion  tests.   The  AAV-1  polypeptide  sera  do  cross  react  with  the 
other  AAV-2  and  3  polypeptide  antigens  at  1/8  titer  but  do  not  cross  react 
with  the  Haden  virus.   Conversely  the  Haden  polypeptide  sera  do  not  cross 
react  with  AAV  polypeptides.   Again  the  polypeptide  antigens  were  very 
unstable  as  compared  to  the  protein  in  the  intact  virion.   They  were  extremely 
^  susceptible  to  heat  (losing  antigenicity  after  48  hours  at  37°C  and  all 
reactivity  in  10  minutes  at  60°C) .  They  were  also  subject  to  loss  of  activity 
by  simple  freezing  and  thawing  (CF  titer  reduced  2-4  fold  each  time  they  were 
frozen  and  thawed) .   As  had  been  shown  with  AAV-3H  the  polypeptide  antigens 
of  AAV-1  and  Haden  virus  can  be  detected  2-3  hours  earlier  than  the  antigens 
associated  with  the  whole  virions.   The  three  specific  polypeptides  reported 
earlier  for  AAV-3  and  Haden  viruses  were  not  modified  in  different  hosts  as 
we  had  reported  earlier  for  MVM  polypeptides.  The  kinetics  of  parvovirus 
polypeptide  antibody  formation  in  experimental  animals  was  somewhat  similar 
for  each  parvovirus  tested,  i.e.,  low  titers  of  antibody  against  the  major 
polypeptide  VPl  could  be  detected  by  20  days  after  a  single  injection  and  VP2 
and  VP3  antibody  could  be  detected  in  the  Haden  virus  system  10-15  days  after 
a  single  booster  shot.   It  required  a  second  booster  for  detection  of  VP2  and 
VP3  antibodies  directed  against  polypeptides  of  AAV-1  and  2.   Attempts  to  find 
polypeptide  antibody  in  the  sera  of  humans  who  had  large  quantities  of  CF  and 
neutralizing  antibody  against  whole  virions  were  negative. 

Using  the  immune  electron  microscopy  and  complement  fixation  tests  it  has 
been  determined  that  an  AAV  isolate  from  dogs  [Domoto  and  Yangawa  (1964)]  was 
totally  unrelated  to  any  of  the  known  strains  of  AAV  reported  from  man  and 
monkeys.   These  results  are  contrasted  with  those  of  Onuma  and  Yanagawa  (1972) 
who  reported  that  the  canine  AAV  (CAAV)  cross  reacted  with  AAV-3  and  that  30% 
of  the  dog  population  in  Japan  contained  CAAV-antibodies.  We  found  no  cross 
reactivity  of  the  CAAV  with  any  of  the  three  strains  of  AAV-3  which  we  have 
isolated,  and  preliminary  experiments  on  dog  sera  collected  in  the  U.S.  show 
some  reactivity  against  CAAV  but  little  or  none  vs.  AAV-3.   In  our  hands  the 
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CAAV  appears  to  be  quite  distinct  from  any  of  the  other  known  AAV's  tested. 

Work  is  still  in  progress  on  the  AAV-carrier  cultures.   They  have  continued 
to  carry  the  virus  genome  after  an  additional  40-50  cell  transfers.   Some 
clones  of  the  carrier  cells  appear  to  carry  only  part  of  the  AAV  genome.   The 
carrier  or  control  cells  do  not  appear  to  carry  even  part  of  any  of  the  helper 
virus  genomes.  The  AAV-1  carrier  clones  which  have  been  shown  to  produce 
large  amounts  of  virus  (130-180  TCIDcfNi   per  cell)  when  challenged  with  adeno- 
virus helper,  carry  approximately  one  AAV-genome  for  each  host  cell  genome 
(0.7-0.9  copies  per  cell). 

Because  of  rapid  increase  in  the  number  of  new  parvoviruses  isolated  during 
the  last  few  years  with  their  economic  impact  in  the  veterinary  field  and  the 
recent  reports  implicating  parvovirus  like  agents  in  human  disease  (acute  non- 
bacterial gastroenteritis  and  hepatitis  type  A)  a  two  day  workshop  was  organ- 
ized and  held  at  NIH  with  M.  David  Hoggan  as  Chairman.   Administrative  and 
financial  support  was  supplied  by  the  Research  Resources  Branch  under  the 
direction  of  Dr.  John  Nutter.   The  workshop  brought  together  over  80  workers 
from  throughout  the  world  to  hear  20  excellent  presentation?  which  reviewed 
and  brought  up  to  date  the  current  knowledge  in  the  area.   There  was  much 
stimulating  discussion  which  is  being  reviewed  along  with  the  formal  presenta- 
tion and  will  be  published  in  Journal  of  Infectious  Diseases  early  in  FY  75. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The     ^ 
parvoviruses  continue  to  increase  in  number  with  a  parvovirus-like  agent      ^ 
recently  being  shown  to  be  involved  in  infectious  hepatitis  in  man  (Hepatitis 
type  A)  .   Three  new  serological  types  of  AAV  have  been  described  and  new 
parvovirus  candidates  have  been  isolated  from  bovine  diarrhea  and  abortion. 
A  parvovirus-like  particle  has  now  been  purified  from  the  tissues  of  animals 
suffering  from  the  immune  complex  disease  known  as  Aleutian  mink  disease.   In 
the  laboratory,  parvoviruses  are  the  most  teratogenic  of  all  known  animal 
viruses  yet  frequently  appear  as  well  adapted  parasites  in  nature.   For 
example,  they  can  exist  in  a  "lysogenic"  provirus-like  state  in  a  mother  who 
then  passes  the  genome  vertically  to  her  offspring  with  no  overt  evidence  of 
disease.   They  are  also  well  suited  for  survival  outside  their  normal  hosts, 
since  they  are  among  the  most  resistant  viruses  to  chemical  and  physical 
agents  known.   Thus  it  appears  that  the  parvoviruses,  although  they  are  among 
some  of  the  smallest  infectious  agents  kno^m  (being  20-30  nm  in  diameter  con- 
taining about  1.6  X  lO^Daltons  of  DNA) ,  are  some  of  the  most  adaptable  and 
versatile.   Our  comparative  studies  have  helped  to  pinpoint  the  similarities 
and  differences  between  the  various  members  of  the  group  resulting  in  better 
isolation  and  purification  techniques.   Our  studies  of  their  proteins  have 
shown  that  many  of  the  basic  replicative  process  in  different  members  of  the 
group  are  quite  similar.   Besides  increasing  our  knowledge  of  the  mechanism 
of  surivival  in  nature  our  studies  of  the  parvovirus  "carrier"  state  may 
unlock  the  genetic  map  of  the  AAV's  as  we  isolate  more  clones  of  carrier  cells 
which  contain  different  amounts  of  the  virus  genome. 

Proposed  Course  of  the  Project:   Recent  developments  in  the  field  of  slab 
acrylamide  gel  electrophoresis  in  which  it  is  possible  to  resolve  many  more    d 
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proteins  and  make  direct  comparison  in  the  same  gel  will  now  allow  us  to  do 
kinetic  studies  on  polypeptide  development  on  whole  infected  cell  extracts. 
We  should  thus  be  able  to  elucidate  more  about  the  interrelationship  of 
helper,  host,  and  parvovirus  protein  synthesis. 

Combining  this  technique  with  the  use  of  our  polypeptide  sera  should  allow  us 
to  define  the  function  of  each  polypeptide  and  relate  it  to  the  overall 
replicative  process. 

Our  studies  of  the  carrier  state  will  continue  and  we  hope  to  define  the 
mechanism  of  persistence  and  whether  the  virus  genome  is  integrated  into  the 
host  DNA. 

We  shall  continue  the  isolation  of  more  clones  of  carrier  cells  searching  for 
those  carrying  different  amounts  of  the  virus  genome,  which  would  provide  the 
tools  for  mapping  the  viral  genome. 

We  will  also  continue  our  comparative  and  epidemiological  studies  of  parvo- 
viruses to  better  define  their  relationship  to  disease. 
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Honors  and  Awards ; 

Chairman,  NIAID  RRB  workshop  on  Parvoviruses. 

Member  parvovirus  study  group  of  international  committee  on  Nomenclature  of 
viruses . 

Member  TOO/FAO  parvovirus  committee. 

Invited  Seminars : 

Department  of  Microbiology,  Howard  University  School  of  Medicine,  Washington, 
D.  C. 

Department  of  Microbiology,  University  of  Cincinnati  Medical  School, 
Cincinnati,  Ohio. 

Department  of  Bacteriology,  University  of  Utah,  School  of  Medicine,  Salt  Lake 
City,  Utah. 

Department  of  Biology,  Utah  State  University,  Logan,  Utah. 

Department  of  Molecular  Biology,  University  of  California,  Berkeley, 
California. 

Department  of  Microbiology,  Brigham  Young  University,  Provo,  Utah. 
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Objectives : 

To  utilize  sensitive  procedures  for  genome  detection  and  isolation  and  quanti- 
tation of  infectious  virus  in  studying  the  natural  history  of  murine  leukemia 
virus  (MuLV)  infection. 

Methods  employed: 

Tissue  culture  procedures,  using  plaque  and  transformation  assays;  tests  for 
antigen  induction  by  complement  fixation  and  fluorescent  antibody  procedures; 
reverse  transcriptase  assays.   Mouse  inbreeding,  to  select  for  specific  virus 
inducing  or  virus  related  genes.   Starch-gel  electrophoresis  for  assays  for 
marker  isoenzyme  loci.   Nucleic  acid  hybridization  techniques. 

Major  findings: 


I 


Genetics  of  MuLV  infection:   The  high  leukam-.a  incidence,  high  virus  mouse 
strain  C3H/Fg  has  been  shown  to  possess  three  independently  segregating  viru^^^ 
inducing  loci.  One  of  these  loci  is  linked  to  the  c  locus  and  is,  therefore, 
located  on  Linkage  Group  I,  like  the  previously  reported  AkVi  locus.   However, 
the  C3H/Fg  locus  is  significantly  closer  to  £  than  is  AkVi  and  the  gene  order 
is  different. 

The  high  virus  strain  C58  also  gives  segregation  ratios  indicating  3  or  possibly! 
4  virus-inducing  loci.   To  date,  progeny  testing  has  not  indicated  that  any  of 
these  loci  is  on  Linkage  Group  I.   Thus,  the  comparison  of  the  3  high  virus 
strains,  AKR,  C3H/Fg,  and  C58,  indicates  that  the  virus-inducing  loci  are  not 
allelic  sites  in  the  genome,  but  more  likely  represent  random  insertions  of 
MuLV  genetic  material  into  the  genome  of  the  mouse.  . 

In  cooperation  with  the  Sloan  Kettering  group,  a  large  study  has  been  carried  | 
out  to  clarify  the  relationship  of  the  AKR  virus-inducing  genes  to  the  ex- 
pression of  the  virus-specific  antigens  gs  and  G-rv,  the  main  objective  being 
to  determine  if  these  antigens  occur  as  a  result  of  spread  of  infectious  virus, 
or  if  they  are  induced  by  separate  loci.   The  results  of  the  study  indicate 
that  both  hypotheses  are  true.   The  two  virus-inducing  loci  induce  gs  and  G^„, 
but  there  is  an  additional  locus  which  induces  gs  and  G-ry  in  the  absence  of 
infectious  virus. 


Biochemical  studies  of  MuLV  infection:   By  comparing  the  nucleic  acid  hybrid- 
ization of  a  single-stranded  viral  DNA  probe,  synthesized  in  vitro  from  AKR 
MuLV  RNA,  with  cellular  DNA  from  AKR  mice  (high  leukemia,  high  virus)  and  NIH 
Swiss  mice  (low  leukemia,  negative  for  infectious  mouse-tropic  MuLV),  it  has 
been  possible  to  demonstrate  differences  in  the  virus-specific  sequences     V. 
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represented  in  these  two  strains.   A  lower  maximum  hybridization  of  the  viral 
DNA  probe  with  the  DNA  from  NIH  Swiss  cells  indicated  that  this  DNA  lacks  some 
of  the  viral  sequences  represented  by  the  probe.   In  addition,  Wetmur-Davidson 
plotting  of  the  reassociation  kinetics  data  revealed  that  while  the  AKR  cellu- 
lar DNA  contains  two  sets  of  virus-specific  sequences,  one  with  8-10  copies 
and  one  with  4  copies  per  haploid  genome,  NIH  Swiss  cell  DNA  contains  only  one 
set  containing  about  14  copies  per  genome.   Further  studies  have  shown  that 
C3H/Fg  cell  DNA  gives  results  identical  to  AKR,  while  cellular  DNA  from  two 
other  "virus-negative"  strains,  C57L  and  129/j,  gives  reassociation  kinetics 
similar  to  NIH  Swiss.   Intermediate  strains  such  as  DBA  and  BALB/c  give  maximal 
hybridization  values  somewhat  lower  than  AKR  but  higher  than  NIH  Swiss. 

IdU  induction:   No  significant  differences  in  efficiency  of  MuLV  induction  by 
5-iododeoxyuridine  (IdU)  were  found  in  tests  of  embryo  cells  from  G-,y+  and 
G;ijj-  lines  of  C57Br  and  C57B1/6,  or  from  several  BALB/c  X  C57B1/6  congenic 
lines  which  differ  in  sensitivity  to  mineral  oil  induction  of  plasmacytomas. 

The  endogenous  mouse-tropic  MuLV  inducible  by  pyrimidine  analogs  in  embryo  cell 
cultures  of  various  strains  of  inbred  mice  have  all  been  reported  to  be  N-tropic 
regardless  of  the  tropism  of  virus  isolated  from  post-natal  animals.   It  has  now 
been  found  that  although  embryo  cells  from  the  congenic  strain  BlO.BR  (a  B-type 
mouse  which  produces  predominantly  B-tropic  virus  in  vivo)  always  produce 
N-tropic  virus  following  induction  by  IdU,  cells  from  several  embryo  pools 
tested  also  produced  B-tropic  virus.   Both  N-  and  B-tropic  viruses  were  in- 
ducible from  two  clonal  lines  derived  from  a  virus-negative  continuous  cell 
line  extablished  from  a  BlO.BR  embryo  culture. 

Pathogenicity  of  Abelson  virus:   Abelson  virus  preparations,  which  appear  to 
consist  of  a  mixture  of  Moloney  leukemia  virus  and  a  lymphosarcoma  genome  in 
a  Moloney  LV  envelope,  were  found  to  induce  plasmacytomas  in  pristane-primed 
BALB/c  mice  with  an  incubation  period  as  short  as  three  weeks.   Most  of  the 
primary  plasmacytomas  produced  myelona  protein,  IgA  or  IgG. 


Preliminary  data  suggest  that  Abelson  virus  can  transform  B  lymphocytes  in  vitro. 
Infection  of  splenic  lymphocytes  in  short  term  tissue  culture,  followed  by 
transplantation  into  histocompatible  mice  with  a  karyologic  marker  different 
from  that  of  the  donor  cells,  has  led  to  formation  of  lymphosarcomas  with  donor 
karyotype. 

MuLV  with  heterologous  species  host  range:   Efforts  have  been  made  to  develop 
sensitive  isolation  techniques  and  quantitation  procedures  for  the  xenotropic 
(X-tropic)  class  of  MuLV.   Isolation  attempts  from  BALB/c,  C57Br,  C57B1/6,  and 
C57/L  cells  derived  from  embryos  or  young  adult  kidney-spleen  have  been  uniform- 
ly more  strongly  positive  after  IdU  treatment.   IdU  treatment  of  NZB  cell  lines, 
which  are  spontaneously  positive  for  particles  and  RNA-dependent  DNA  polymerase, 
results  in  a  virus  population  which  can  readily  replicate  in  human  (RD)  or 
rabbit  (SIRC)  cells;  in  contrast,  the  virus  from  untreated  cultures  replicates 
much  less  efficiently.   The  rabbit  cornea  cell  line  SIRC,  described  by  Todaro 
et  al.  as  highly  sensitive  to  X-tropic  virus  as  assayed  by  RTP  assay,  is  also 
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a  satisfactory  system  for  assays  by  fluorescent  antigen  induction. 

Mouse-tropic  MuLV  interfere  completely  with  each  other  regardless  of  serologic 
type  or  host  range.   Using  MSV  pseudotypes  of  mouse-  and  X-tropic  MuLV  iso- 
lates for  virus  interference  assays  on  NRK  cells,  it  was  found  that  the 
X-tropic  viruses  are  not  significantly  inhibited  in  cells  solidly  resistant 
to  mouse-tropic  viruses. 

MuLV  of  feral  origin:   It  was  noted  by  us  and  others  that  MuLV  isolates  from 
wild  mouse  populations  were  capable  of  efficient  growth  in  both  mouse  and 
heterologous  species  host  cells,  in  contrast  to  the  restricted  range  of 
X-tropic  and  mouse-tropic  viruses.   In  an  attempt  to  test  for  distinct  host- 
range  components  in  thes"  isolates,  purification  by  limiting  dilution  titration 
in  tissue  culture  are  in  progress  for  two  isolates  from  different  sources. 
Preliminary  results  indicate  that  a  stable  mouse-tropic  component  is  present 
which  does  not  replicate  in  RD  or  SIRC  cells;  it  has  not  yet  been  possible  to 
dissect  out  a  population  which  can  grow  in  heterologous  species  cells  but  not, 
at  least  to  some  k^xtent,  in  mouse  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  | 

Understanding  the  genetics  of  transmission  of  information  for  infectious  virus 
and  virus-specified  products  and  control  of  virus  spread  will  provide  basic 
parts  of  the  complex  picture  of  tumorigenesis  in  mice.   Approaches  which  con-^>.| 
tribute  to  the  understanding  of  MuLV  genetics  and  which  may  eventually  permit'jl 
correlations  with  development  of  particular  types  of  tumors  include  the  precise 
chromosomal  localization  of  V  genes,  studies  of  the  stability  of  identifiable 
viral  gene  integration  sites,  the  indication  that  integration  sites  are  non- 
allelic in  various  strains  of  mice,  and  studies  of  the  relationship  of  Linkage 
Group  I  to  viral  gene  integration. 

The  ability  to  distinguish  between  the  viral  sequences  in  DNA  from  mouse  strains' 
which  differ  in  MuLV  biology  makes  feasible  the  molecular  study  of  virus  ex- 
pression in  a  variety  of  mouse  strains  and  in  genetic  crosses  segregating  for 
various  expressions  of  MuLV  infection.  , 

Studies  of  the  biology  of  MuLV  infection  at  the  levels  of  both  natural  history 
and  molecular  biology  now  require  investigating  the  role  of  the  X-tropic  virus 
genome.   The  isolates  from  feral  mice  provide  an  opportunity  to  study  a  natu- 
rally occurring  virus  population  which  may  represent  a  complex  of  homozygous 
and  recombinant  particles. 

The  induction  of  plasmacytomas  by  Abelson  virus  and  development  of  an  _in  vitro 
lymphocytic  transformation  system  represent  major  developments  in  immunology 
and  leukemogenesis . 
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Proposed  Course; 


Studies  will  continue  on  the  genetic  relationship  of  various  markers  of  MuLV 
information  or  control  and  on  the  localization  of  the  unmapped  virus-inducing 
genes  in  AKR,  C3H/Fg,  and  C58  mice. 

Nucleic  acid  hybridization  studies  will  continue  to  compare  the  homology  of 
cellular  DNA  from  mouse  strains  of  differing  characteristics  and  viral  probes 
prepared  from  AKR  MuLV  and  other  mouse  cell-tropic  MuLV,  juid  X-tropic  isolates. 

Studies  on  IdU  induction  will  particularly  emphasize  X-tropic  virus  and  means 
of  directly  quantitating  the  number  of  cells  induced.   Serologic  comparisons 
of  X-tropic  viruses  frc?  various  sources  will  be  carried  out,  and  studies  will 
be  continued  to  clarify  the  host  range  and  serologic  properties  of  MuLV  from 
wild  mice. 

Intensive  efforts  will  be  made  to  define  the  optimal  conditions  for  obtaining 
in  vitro  transformation  of  lymphocytes,  to  develop  in  vitro  methods  for  assay 
of  the  transformation,  and  to  obtain  tumors  from  cells  committed  to  synthesis 
of  particular  antibodies. 

Honors  and  Awards : 


Awards ; 


Dr.  Wallace  P.  Rowe  - 


Honors : 


Invited  Lectures 


USPHS  Distinguished  Service  Medal 
Howard  Taylor  Ricketts  Award  for  1974 


^- 


< 


Dr.  Wallace  P.  Rowe  - 


> 


Symposium  lecture  at  FASEB  Meeting,  Atlantic 

City,  New  Jersey 
Symposium  on  The  Biology  of  Cancer,  University 

of  Michigan  Medical  Center,  Ann  Arbor, 

Michigan 
Course  in  Diagnostic  Virology,  The  W.  Alton 

Jones  Cell  Science  Center,  Lake  Placid,  New 

York 
Johns  Hopkins  University  School  of  Hygiene  and 

Public  Health,  Baltimore,  Maryland 
International  Congress  of  Genetics,  Berkeley, 

California 
St.  Jude  Children's  Research  Hospital,  Memphis, 

Tennessee 
University  of  Pennsylvania,  Philadelphia, 

Pennsylvania 
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Dr.  Sisir  Chattopadhyay 


Committees: 


Dr.  Wallace  P.  Rowe 


Serial  No.  NIAID/NCI  71  D 

Cold  Spring  Harbor  Laboratory,  Cold  Spring 
Harbor,  New  York 


Ad  Hoc  Committee  to  Evaluate  the  Virus  Cancer 

Program  of  the  NCI 
Two  Ad  Hoc  Committees  to  Evaluate  Appointment  of 

Faculty  -  Harvard 

University  of  Washington 
NIH  Biohazard  Committee 


Dr.  Janet  W.  Hartley  - 


Virology  and  Cell  Biology  Advisory  Committee, 

American  Cancer  Society 
NCI  Program  Project  Grant  Site  Visit  Committee 

to  Sloan-Kettering  Institute 


Editorships; 

Dr.  Wallace  P.  Rowe  - 


Editor,  ARCHIV  FUR  DIE  GESAMTE  VIRUSFORSCHUNG 
Editorial  Board  -  INFECTION  AND  IMMUNITY 

INTERVIRDLOGY 
BBA  REVIEWS  ON  CANCER 


Dr.  Janet  W.  Hartley  - 
Publications : 


Editorial  Board  -  JOURNAL  OF  IMMUNOLOGY 


Rowe,  W.P.,  Humphrey,  J.B.,  and  Lilly,  F. :   A  major  genetic  locus  affecting 
resistance  to  infection  with  murine  leukemia  viruses.   III.   Assignment  of 
the  Fv-1  locus  to  linkage  group  VIII  of  the  mouse.   J .  Exp .  Med .  137:850-853, 
1973. 

Ikeda,  H.,  Stockert,  E.,  Rowe,  W.P.,  Boyse,  E.A. ,  Lilly,  F.,  Sato,  H., 
Jacobs,  S.,  and  Old,  L.J. :   Relation  of  chromosome  4  (linkage  group  VIII)  to 
MuLV-associated  antigens  of  AKR  mice.   J.  Exp.  Med.  137:1103-1107,  1973. 

Chattopadhyay,  Sisir  K.,  Lowy,  Douglas  R. ,  Teich,  Natalie  M. ,  Levine,  Arthur 
S.,  and  Rowe,  Wallace  P.:  Evidence  that  the  AKR  murine-leukemia- virus  genome 
is  complete  in  DNA  of  the  high-virus  AKR  mouse  and  incomplete  in  the  DNA  of 
the  "virus-negative"  NIH  mouse.   Proc.  Natl.  Acad.  Sci.  USA  71:167-171,  1974. 

Gardner,  M.B.,  J.E.  Officer,  R.W.  Rongey,  H.P.  Charman,  Janet  W.  Hartley, 
J.D.  Estes,  and  R.J.  Huebner:   C-type  RNA  tumor  virus  in  wild  house  mice 
(Mus  mus cuius ) .   In  Unifying  Concepts  of  Leukemia,  Bibl.  haemat..  No.  39, 
ed.  by  R.M.  Dutcher  and  L.  Chieco-Bianchi  (Karger,  Basel)  1973,  pp.  335-344. 
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Levy,  Jay  A.,  Hartley,  Janet  W. ,  Rowe ,  Wallace  P, ,  and  Huebner,  Robert  J.: 
Studies  of  FBJ  osteosarcoma  virus  in  tissue  culture.   I.   Biologic  character- 
istics of  the  "C"-type  viruses.   J.  Natl.  Cancer  Inst.  51:525-539,  1973. 

Potter,  Michael,  Sklar,  Marshall  D. ,  and  Rowe,  Wallace  P.:   Rapid  viral  in- 
duction of  plasmacytomas  in  pristane-primed  BALB/c  mice.   Science  182:592- 
594,  1973. 


Rowe,  Wallace  P. 
virus  infection: 
3068,  1973. 


Genetic  factors  in  the  natural  history  of  murine  leukemia 
Go    H.  A„  Clowes  Memorial  Lecture.   Cancer  Res.  33:3061- 
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1.  Viral  Diseases 

2.  Viral  Oncology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Studies  of  Viral  Antigens  in  Virus-induced  Tumors. 
Previous  Serial  Number:   SAME. 

Principal  Investigators:   Drs .  Andrew  M.  Lewis,  Jr.  and  Wallace  P.  Rowe. 
Other  Investigators:   None. 


II 


Cooperating  Units ; 


Drs.  Arthur  Levine ,  Lowell  Schnipper,  Cephas  Patch,  and 
Jamt-.s  Breeden  (Medicine  Branch,  NCI);  Michael  Oxman, 
Myron  Levin  (Harvard  Medical  School);  Thomas  J.  Kelly,  Jr., 
(Johns  Hopkins  University);  Clyde  S.  Crumpacker,  II, 
(Channing  Laboratory,  Boston  City  Hospital);  Lenneart 
Philipson  (University  of  Uppsala,  Sweden) ;  Satvir  Tevethia, 
(Tufts  University);  Sherman  Weissman,  (Yale  University). 


Man  Years : 


Total: 

Prufessional: 

Other: 


NIAID 
Lab  Staff 

31/12 
13/12 
18/12 


Other  NIH 
Personnel 

12/12 

0 
12/12 


Guest 
Workers 

0 
0 
0 


TOTAL 

43/12 
13/12 
30/12 


Project  Description: 

Objectives:   To  use  the  adenovirus-SV40  hybrid  viruses  as  tools  to  study  the 
genetics  of  DNA  tumor  viruses;  to  define  the  role  of  viral  genes  and  antigens 
in  the  oncogenic  process;  to  study  the  biology  of  adenovirus-SV40  hybrid 
viruses. 

Methods  Employed;   Tissue  culture,  fluorescent  antibody,  complement  fixation, 
serologic  epidemiology,  and  nucleic  acid  homology  techniques. 

Major  Findings  -  Studies  on  nondefective  adenovirus-SV40  hybrid  viruses;   The 
properties  of  the  five  nondefective  adenovirus  2-SV40  hybrids  which  we  have 
isolated  and  characterized  were  described  in  detail  in  the  1972-1973  project 
report.   These  hybrid  viruses  are  genetic  recombinants  between  adenovirus  2 
and  SV40  which  contain  between  6  and  48%  of  the  SV40  genome  inserted  at  the 
same  location  in  the  adenovirus  2  genome.  Three  of  these  hybrids  (Ad2'h^D 
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AdZ  ND.  and  Ad2  ND^)  induce  SVAO  U;  U,  TSTA;  or  U,  TSTA,  and  T  antigens 
respectively.   The  ability  of  these  hybrids  to  induce  more  than  1  SV40- 
specific  antigen  is  associated  with  the  incorporation  of  increasingly  larger 
segments  of  the  SVAO  genome  into  adenovirus  2  DNA.  Thus,  Ad2"^D,  which 
induces  U  antigen  contains  17%  of  the  SVAO  genome  while  Ad2+ND^  which  induces 
SVAO  U,  TSTA  and  T  antigens  contains  A8%  of  the  SVAO  genome.   By  heteroduplex 
mapping  techniques  the  regions  responsible  for  inducing  these  SVAO  functions 
have  been  located  on  the  SVAO  genome.   In  addition,  using  both  nucleic  acid 
hybridization  and  heteroduplex  mapping,  the  SVAO  DNA  segments  in  each  cf  the 
five  nondefective  hybrids  have  been  mapped  on  the  SVAO  genome  with  respect  to 
the  cleavage  sites  of  SVAO  DNA  produced  by  restriction  endonucleases  from 
Hemophilus  influenzae  and  Hemophilus  parainf luenzae. 

1.  Transcription  of  SVAO  WA   Segments  During  Lytic  Infection;   Others  have 
shown  that  cells  lyi;lcally  infected  with  SVAO  synthesize  viral  RNA  in  two 
phases,  i.e.,  earlv  SVAO  genes  are  transcribed  before  SVAO  DNA  replication 
begins  while  both  early  and  late  genes  are  transcribed  after  the  onset  of 
viral  DNA  replication.   Using  separated  strands  of  SVAO  DNA  it  has  also  been 
shown  that  the  early  SVAO  genes  are  on  the  minus  strand  while  the  late  SVAO 
genes  are  on  the  plus  strand.   Since  the  integration  of  SVAO  DNA  into  the 
genome  of  transformed  cells  resulted  in  transcription  of  the  minus  strand  of 
SVAO  DNA,  we  tested  RNA  from  cells  lytically  infected  with  each  of  the  non- 
defective  hybrids.   Like  SVAO  RNA  from  transformed  cells,  the  SVAO  RNA  from 
nondefective  hybrid  infected  cells  reacted  only  with  the  minus  strand  of  SV40 
DNA.   In  addition,  the  RNA's  from  the  nondefective  hybrids  reacted  extensively 
with  the  minus  strand  of  the  G  fragment  (produced  by  digestion  of  SVAO  DNA 
with  hemophilus  influenzae  restriction  enzyme)  of  SVAO  DNA.   From  the  position 
of  the  G  fragment  in  the  SVAO  genome,  we  concluded  that  anti-late  SVAO 
sequences  are  also  transcribed  during  lytic  infection  by  the  nondefective 
hybrids.   None  of  the  hybrid  RNA's  reacted  with  the  plus  strand  of  SVAO  DNA 
even  though  other  experiments  (described  below)  indicate  that  each  of  the  SVAO 
DNA  segments  in  the  nondefective  hybrids  contains  roughly  equal  quantities  of 
early  and  late  SVAO  DNA  sequences . 

2.  Organization  of  the  Early  SVAO  Genome;   To  determine  the  relationships  of 
early  and  late  SVAO  DNA  sequences  in  the  SVAO  segments  contained  in  the  non- 
defective  hybrid  genomes,  the  strands  of  the  hybrid  DNAs  were  separated  using 
synthetic  polyribonucleotides  and  reacted  with  complementary  SVAO  RNA,  SVAO 
RNA  which  is  synthesized  in  vitro  from  Form  I  SVAO  DNA  using  E.  coli  RNA 
polymerase  and  SVAO  RNA  from  cells  which  had  been  infected  for  48  hours 
(early  +  late  SVAO  RNA) .   Previous  studies  showed  that  the  SVAO  DNA  segment 
in  the  Ad2+ND2^  hybrid  (representing  about  17%  of  the  SVAO  genome)  contains 
both  early  and  late  SV40  DNA  sequences.   Since  transcription  of  early  and 
late  SV40  DNA  proceeds  on  opposite  strands  of  the  SV40  genoma,  finding  both 
early  and  late  SV40  sequences  in  the  Ad2+ND2^  genome  suggested  the  presence  of 
a  transcription  control  region  in  this  segment  of  SV40  DNA.   In  addition, 
these  studies  on  the  separated  strands  of  Ad2+ND3^  DNA  showed  that  early  SV40 
DNA  sequences  were  located  on  the  light  strand  of  the  hybrid  DNA  while  the 
late  sequences  were  located  on  the  heavy  strand.   The  ratio  of  %  RNA  counts 
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of  early  +  late  SV40  RNA  which  bound  to  the  light  Ad2  NDj^  DNA  strand  to  the 
3h  RNA  counts  of  early  +  late  SV40  RNA  which  bound  to  the  heavy  DNA  strand 
was  about  1.   Since  this  SV40  DNA  segment  represented  only  17%  of  the  SV40 
genome  it  seemed  reasonable  to  assume  that  the  amount  of  early  +  late  SV40 
RNA  binding  to  the  light  strand  should  become  progressively  larger  in  those 
hybrid  SV40  DNA  segments  which  contained  larger  amounts  of  early  SV40  DNA. 
Therefore,  the  ratio  of  early  +  late  SV40  RNA  binding  to  light  versus  heavy 
strands  of  the  larger  segments  of  SV40  DNA  sl.uld  be  greater  than  1.   By 
examining  the  binding  of  early  +  late  SV40  RNA  with  the  separated  strands  of 
DNA  from  the  other  nondefective  hybrids,  it  should  have  been  possible  to 
determine  if  a  second  transcription  control  region  existed  in  the  larger  seg- 
ment of  SV40  DNA  in  the  Ad2+ND^  genome  which  represented  48%  of  the  wild-type 
SV40  genome,  i^en  the  separated  strands  from  the  hybrids  containing  the 
largest  SV40  DNA  segments  (Ad2+ND2,  Ad2+ND^,  Ad2+NDc)  were  reacted  with  early 
+  late  SV40  RNA  equal  amounts  of  this  RNA  reacted  with  each  strand.   This 
finding  suggested  that  the  48%  of  the  SV40  genome  which  contained  the  early 
SV40  region  contained  equal  amounts  of  early  and  late  SV40  DNA  sequences.   This 
concept  disagrees  with  the  current  model  proposed  for  the  organization  of  the 
early  regions  of  the  SV40  genome.   If  confirmed  by  additional  studies  it  will 
show  that  the  early  SV40  genome  and  early  SV40  protein  are  much  smaller  than 
other  studies  suggest. 


3.   Effect  of  Interferon  on  SV40  Antigen  and  RNA  Production:   In  this  labora- 
tory in  1967  Dr.  M.  N.  Oxman  noted  that  the  induction  of  SV40  T  antigen  by  the 
defective  Ad2  and  Ad7  SV40  hybrid  populations  was  markedly  resistant  to 
interferon  compared  with  the  interferon  sensitivity  of  T  antigen  induction 
during  lytic  infection  by  SV40.   As  the  induction  of  Ad  T  antigens  during 
lytic  adenovirus  infection  demonstrated  the  same  degree  of  resistance  as  SV40 
T  antigen  induction  by  the  hybrid  virions,  Oxman  speculated  that  transcription 
of  the  SV40  segment  in  the  hybrid  virus  DNA  was  under  the  control  of  the 
adenovirus  genome  rather  than  under  the  control  of  the  incorporated  SV40  DNA 
segment . 
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Following  up  these  experiments  in  a  collaborative  study,  Drs.  Oxman,  Levin 
and  myself  compared  the  interferon  sensitivity  of  SV40  T  antigen  induction  by 
the  nondefective  hybrid  virus,  Ad2"*TJD,  ,  with  the  interferon  sensitivity  of 
wild  type  SV40.  These  experiments  demonstrated  that  SV40  T  antigen  induction 
by  this  hybrid  was  resistant  to  doses  of  interferon  which  drastically  reduce 
SV40  T  antigen  induction  by  SV40,.   Ad2  T  antigen  induction  by  Ad2'^D^  showed 
nearly  identical  resistance  to  interferon  as  its  SV40  T  antigen  induction. 
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If  the  hypothesis  that  transcription  of  the  SV40  DNA  segment  in  the  hybrid 
genome  was  initiated  in  the  adenovirus  region  was  correct  then  RNA  molecules 
containing  both  Ad2  and  SV40  RNA  sequences  should  be  detectable  in  Ad2"*^D, 
infected  cells.   By  first  reacting  radiolabeled  RNA  from  cells  infected  with 
Ad2"^D^  with  Ad2  DNA,  eluting  the  bound  RNA,  and  rehybridizing  it  with 
SV40  DNA]^  7  to  11%  of  the  SV40  specific  RNA  in  Ad2+ND^  infected  cells  which 
had  been  initially  bound  to  Ad2  DNA  was  recovered  on  SV40  DNA  filters.   By 
comparing  the  recovery  of  SV40  specific  RNA  when  the  first  filter  contained 
Ad2  DNA  with  the  percent  recovered  when  the  first  filter  contained  SV40  DNA 
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it  appears  that  at  least  11%   of  the  SV40-specif ic  RNA  synthesized  in  Adr''ND4 
infected  cells  is  covalently  linked  to  Ad2  RNA.   Knowing  that  the  direction 
of  transcription  of  the  early  SV40  genome  proceeds  from  T  towards  U  and  that 
the  early  SV40  RNA  sequences  in  the  Ad2+ND4  hybrid  are  located  on  the  light 
strand  of  Ad2  DNA  suggests  that  transcription  of  the  AdT^ND^  genome  is 
initiated  upstream  from  the  SV40  T  antigen  region  in  the  adenovirus  portion 
of  the  hybrid  DNA  molecule.   This  would  result  in  the  synthesis  of  a  polycy- 
stronic  RNA  molecule  containing  Ad2  sequences  on  the  5'  end  and  establish  the 
direction  of  transcription  of  Ad2  DNA. 

In  another  series  of  experiments,  Oxman  and  Levin  showed  that  not  only  was 
SV40  T  antigen  induction  sensitive  to  interferon  but  in  addition  there  was  a 
corresponding  reduction  in  the  amount  of  early  SV40  RNA  in  interferon  treated 
cells.   Tnis  finding  suggested  that  interferon  was  acting  as  an  inhibitor  of 
transcription  in  SV40  infected  cells.   We  have  followed  up  this  observation 
by  comparing  the  effects  of  inhibitors  of  DNA  synthesis  (Cytosine  arabinoside 
and  5-Fluorodeoxyuridine)  and  interferon  on  the  production  of  virus  specific 
RNA  in  cells  infected  by  SV40  and  the  nondefective  hybrid  Ad2+TJDi.   These 
experiments  indicated  that  inhibitors  of  DNA  synthesis  and  200  U/ml  of  inter- 
feron reduced  the  production  of  virus  specific  RNA  about  100-fold  in  SV40 
infected  cells.   In  Ad2  NDi  infected  cells  inhibitors  of  DNA  synthesis  produced 
a  15-20  fold  reduction  in  SV40  RNA  while  the  same  dose  of  interferon  affected 
only  a  2-3  fold  reduction  in  SV40  RNA  synthesis.   These  findings  agree  with 
the  observation  that  SV40  U  antigen  synthesis  is  partially  sensitive  to 
inhibitors  of  DNA  synthesis  in  Ad2^ND]^  infected  cells.   In  contrast  to  the 
dramatic  effect  interferon  has  on  viral  RNA  synthesis  in  SV40  infected  cells 
it  has  little  effect  on  SV40  RNA  synthesis  in  cells  infected  by  this  nonde- 
fective hybrid  virus.   Unfortunately,  these  studies  have  been  suspended  for 
the  past  14  months  due  to  lack  of  facilities  for  safe  propagation  of  the 
nondefective  viruses. 
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4.   Transformation  of  Hamster  Cells  by  Ad2  and  the  Nondefective  Hybrids: 
Having  established  that  the  nondefective  Ad2-SV40  hybrids  contain  varying 
segments  of  the  48%  of  the  SV40  genome  which  is  expressed  in  SV40  induced 
tumors  and  transformed  cells,  we  were  interested  in  determining  the  effect  of 
these.  SV40  DNA  segments  on  the  ability  of  Ad2  to  induce  tumors  and  transform 
cells  in  tissue  culture.   During  subsequent  testing  nonhybrid  Ad2  and  the 
nondefective  hybrids  failed  to  produce  tumors  when  injected  into  newborn 
hamsters.   However,  each  of  these  agents  transformed  hamster  kidney  cells 
in  vitro  and  the  transformed  cell  lines  produced  tumors  when  injected  into 
suckling  hamsters.   Foci  of  cells  transformed  by  the  hybrids  could  not  be 
distinguished  from  foci  of  cells  transformed  by  nonhybrid  Ad2.   Histopatho- 
logically,  tumors  induced  by  the  nondefective  hybrid  transformed  lines  were 
of  the  adenovirus  type  with  no  areas  of  SV40  type  fibrosarcoma.   All  of  the 
cell  lines  studied  contained  Ad2  T  antigen  and  Ad2  RNA.   Only  the  B55HKj  line 
contained  the  three  early  SV40  antigens,  U,  TSTA,  and  T.   The  ND4HK^  line 
contained  SV40  T  and  TSTA  antigens  (the  latter  antigen  being  detected  only 
after  48-49  tissue  culture  passages)  and  SV40  RNA.   The  ND2HK2  line  contained 
SV40  RNA  but  no  detectable  SV40  antigens;  the  other  hybrid  transformed  lines 
Contained  no  SV40  RNA.   The  transformation  of  hamster  cells  by  the  nondefective 
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Ad2-SV40  hybrids  seemed  to  be  cauaed  by  the  Ad2  genome  and  could  not  be 
attributed  to  the  regions  of  the  SV40  genome  contained  within  the  hybrids. 
Additionally,  these  results  indicate  that  interactions  between  the  genomes 
of  the  nondefective  hybrid  viruses  and  the  heimster  cells  they  transform  are 
complex,  and  could  involve  the  site  of  integration,  the  size  of  the  incorpor- 
ated viral  genome,  the  transcription  or  translation  of  the  viral  genome,  or 
various  combinations  of  these  processes. 

To  further  evaluate  the  effect  of  early  regions  of  the  SVAO  genome  on  trans- 
formation of  hamster  cells  by  Ad2,  assays  for  measuring  the  efficiency  of 
transformation  of  hamster  cells  by  Ad2  have  been  devised.  Using  UV  inactivated 
virus  to  retard  cytopathic  changes,  we  have  found  that  the  efficiency  of 
transformation  of  5  lo'.s  ol  has^fr  embryo  cells  varied  between  10^*'  plaque 
forming  units  per  focus  (PFU/FFU)  forming  units  to  lO^.^  PFU/FFU.  Having 
established  the  usefulness  of  such  an  assay,  studies  comparing  the 
efficiency  of  trans fcrmatlon  by  UV  inactivated  Ad2  and  several  of  the  nonde- 
fective hybrids  are  jnderway. 

Major  Findings  -  Studies  on  Defective  Adenovirus  SVAO  Hybrid  Viruses;  We  have 
described  two  variants  of  the  defective  Ad2''~*"  hybrid  population  which  differ 
in  their  ability  to  yield  SV40  virions.   The  Ad2++HEY  (high  efficiency 
ylelder)  produces  about  10,000  times  more  SV40  progeny  than  does  the  Ad2++LEY 
(low  efficiency  ylelder).   Both  these  variants  Induce  SVAO  T  antigen  but  only 
Ad2-^-*TIEY  induces  detectable  SVAO  V  antigen. 
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1.   Electronmlcroscoplc  heteroduplex  mapping:   The  structure  of  the  DNA 
molecules  in  these  populations  was  examined  by  electronmlcroscoplc  heteroduplex 
mapping.   The  DNAs  from  both  populations  were  heterogeneous.   Ad2++  HEY  contains 
centrally  inserted  SVAO  DNA  accompanied  by  a  39%  Ad2  DNA  deletion.   Three 
hybrids  were  noted  (HEY  I,  HEY  II,  and  HEY  III)  whose  genomes  differed  only  in 
their  content  of  SVAO  DNA  (0.A5,  1.A3  and  2.39  SVAO  genomes  respectively).   In 
these  hybrids  the  SVAO  insertion  rims  in  the  opposite  direction  from  the  SVAO 
insertion  in  the  nondefective  hybrid  DNA,  i.e.,  the  early  SVAO  region  on  the 
minus  strand  of  SVAO  DNA  is  linked  to  the  heavy  strand  of  Ad2  DNA  rather  than 
to  the  light  Ad2  strand.   The  SVAO  DNA  segments  are  inserted  into  the  Ad2++ 
LEY  genome  in  the  AT  rich  half  of  the  molecule  6%  from  the  end  and  are 
accompanied  by  a  11%  deletion  of  Ad2  DNA.   Ad2'^  LEY  contained  two  hybrids 
(LEY-I  and  LEY-II)  which  also  differed  only  in  their  content  of  SVAO  DNA 
(0.03  and  1.05  SVAO  genomes,  respectively).  The  SVAO  DNA  inserted  into  the 
Ad2"*^  LEY  genome  shared  a  common  end  point  at  A8%  of  the  SVAO  genome  from  the 
site  cleaved  by  E^.  coll  Rl  endonucleose  with  SVAO  DNA  segment  in  the  Ad2+ND^ 
hybrid  and  had  the  same  strand  alignment  as  the  nondefective  hybrids,  i.e., 
the  early  SVAO  region  on  the  minus  SVAO  strand  is  joined  to  the  light  Ad2 
strand.   In  those  hybrids  which  contained  more  than  one  complete  SVAO  genome 
(HEY  II,  HEY  III,  LEY  II)  the  excess  SVAO  DNA  was  shown  to  be  organized  as  a 
tandem  repetition.   These  data  suggest  that  the  various  hybrid  genomes  within 
each  population  are  interconvertible  by  recombination  events  which  insert  or 
excise  an  SVAO  genome.  We  proposed  that  HEY  II  and  HEY  III  yield  Infectious 
SVAO  with  higher  efficiency  than  LEY  II  because  their  SVAO  DNA  segments  contain 
longer  tandem  repetitions  which  would  greatly  increase  the  probability  of  an    Jg| 
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intramolecular  recombination  event  which  results  in  excision  of  an  SV40  genome. 

2.   Transcription  and  SV40  Antigen  Induction;  Hybridization  competition 
experiments  indicate  that  late  SV40  RNA  is  not  transcribed  efficiently  in 
Ad2"*^  LEY  infection  in  contrast  to  Ad2++  HEY  infection  and  only  two  SV40 
antigens,  T  and  U,  are  detected  in  Ad"*"*"  LEY  infected  cells.   SV40  transplanta- 
tion antigen  (TSTA)  is  not  detected  in  Ad2   LEY  immunized  hamsters  but  is 
detected  in  Ad2''~*'  HEY  immunized  hamsters.   Studies  with  the  nondefective  hybrid 
viruses  demonstrate  that  the  SV40  TSTA  maps  between  the  templates  for  SV40  T 
and  U  antigens  thus  the  failure  to  detect  SV40  TSTA  in  Ad2"^  LEY  immunized 
hamsters  is  surprising.   If  the  early  SV40  genes  were  under  a  single  regulatory 
control  mechanism,   TSTA  should  be  formed  in  amounts  comparable  to  T  and  U 
antigens.   Failure  to  uctcct  T^TA  in  hamsters  could  be  quantitative,  i.e., 
the  TSTA  bioassay  may  be  less  sensitive  than  the  serologic  assays  for  SV40  T 
and  U  antigens.   In  /.d2"H-  hEY  immunized  animals  more  TSTA  might  be  induced  as 
a  function  of  increased  SV40  replication.   However,  we  have  recently  shown 
that  the  early  SV40  templates  may  not  be  contiguous;  therefore,  it  is  possible 
that  the  three  early  templates  are  under  separate  controls.   In  that  case  the 
SV40  genome  in  Ad2'^^  LEY  hybrid  virions  might  contain  an  alteration  in  the 
promoter  for  SV40  TSTA  transcription.   The  finding  that  AdZ"*^  LEY  produces 
early  SV40  RNA  which  competes  with  only  70%  of  early  SV40  RNA  supports  this 
concept.   Collaborative  studies  with  Dr.  S.  Tevethia  indicate  that  Ad2++  LEY 
will  induce  detectable  SV40  TSTA  in  immunized  mice  thus  this  hybrid  is  not 
absolutely  defective  in  its  ability  to  induce  this  SV40  antigen. 
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The  failure  of  Ad2++  LEY  to  efficiently  induce  the  synthesis  of  late  SV40  RNA 
transcripts,  despite  the  presence  in  the  hybrid  particle  of  the  entire  SV40 
genome,  is  similar  to  two  other  situations  in  which  the  expression  of  inte- 
grated SV40  DNA  has  been  studied.   In  SV40- trans formed  cells,  viral-specific 
RNA  is  transcribed  primarily  (and  in  certain  lines  exclusively)  from  the  (-) 
strand  of  SV40  DNA,  and  therefore  represents  only  early  or  anti-late  SV40  tem- 
plates even  though  late  templates  (+  strand)  may  be  present.   Secondly,  this 
same  pattern  of  transcription  has  been  found  in  cells  acutely  infected  with 
the  nondefective  Ad2-SV40  hybrid  viruses,  Ad2''"ND,  -  Ad2'^D5,  where  the  SV40- 
specific  transcripts  are  complementary  only  to  the  (-)  strand  of  SV40  DNA 
despite  the  presence  of  late  (+  strand)  templates  within  the  SV40  moiety  of 
these  hybrids.   Thus,  it  seems  very  likely,  on  the  basis  of  these  three 
situations,  that  unless  SV40  DNA  is  in  a  non-integrated  form  (as  in  Ad2  HEY- 
infected  cells  after  excision)  expression  of  the  late  genes  (+  strand)  is 
limited  or  absent. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:   The 
usefulness  of  the  nondefective  Ad2-SV40  hybrids  for  genetic  stvdies  on  SV40 
and  Ad2  are  widely  recognized.   The  ability  of  these  agents  to  transform  cells 
and  the  diverse  patterns  of  viral  antigen  and  RNA  detected  in  the  transformed 
cell  indicates  their  potential  usefulness  in  the  elucidation  of  mechanisms  of 
genetic  control  in  animal  cells. 

The  Institute  has  a  vital  interest  in  antiviral  substances.   The  marked 
differences  in  interferons  sensitivity  of  SV40  T  antigen  and  RNA  production 
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by  non- Integrated  and  integrated  SV40  DNA  offers  a  unique  approach  to  under- 
standing some  of  the  mechanism  of  action  of  this  substance. 

The  Ad2   HEY  and  Ad2   LEY  hybrid  populations  are  of  particular  interest 
because  they  appear  to  be  useful  models  for  analyzing  the  properties  of 
integrated  SV40  genomes.   It  is  known  that  in  cells  transformed  by  SV40,  the 
viral  genome  is  stably  integrated  by  covalent  linkage  to  host  cell  DNA  (many 
SV40  transformed  cell  lines) ,  and  that  infectious  SV40  can  frequently  be 
recovered  from  such  cells  by  fusion  with  permissive  cells.   Among  the  major 
differences  that  exist  between  cells  lytically  infected  and  transformed  by 
SV40  are:   (1)  Most  newly  synthesized  viral  DNA  is  not  integrated  in  the  case 
of  lytic  infection,  but  most  viral  DNA  appears  to  be  integrated  in  the  case  of 
transformation;  (2)  SV40-specific  RNA  is  synthesized  both  early  and  late  during 
lytic  infection,  but  SV40  RNA  from  transformed  cells  is  primarily  early;  (3) 
Early  SV40  (T,  U,  TSTA)  antigens  are  detectable  both  in  lytic  infection  and 
transformation,  but  late  SV40  V  antigen  is  only  detectable  following  lytic 
infection.   Our  studies  indicate  that  these  three  differences  are  associated 
with  lytic  infection  by  Ad2++  HEY  and  Ad2++  LEY. 

The  implication  of  the  discussions  about  the  potential  hazards  posed  by 
recombinants  like  the  nondefective  Ad2-SV40  hybrids  for  both  biomedical 
research  and  the  programs  of  the  Institute  were  discussed  in  the  last  annual 
report.   In  that  report  we  noted  that  the  fundamental  issue  in  these  delibera- 
tions was  whether  the  rewards  outweighed  the  risks  inherent  in  the  use  of  such 
mutants.   The  demonstrated  and  potential  usefulness  of  these  agents  in  under- 
standing biological  processes  is  outlined  in  this  report.   In  the  fall  of 
1973  the  results  of  discussions  concerning  the  risks  involved  in  work  with  the 
nondefective  hybrids  were  compiled  in  a  document  (The  Memorandum  of  Understanding 
and  Agreement)  which  outlines  these  risks  Jind  establishes  requirements  which 
all  investigators  are  obligated  to  meet  before  receiving  or  working  with  these 
agents.   This  document  attempts  for  the  first  time  to  establish  a  mechanism 
for  dealing  with  laboratory  created  agents  which  can  be  considered  potentially 
hazardous.   The  only  workable  mechanism  for  enforcing  such  requirements  is  the 
concern  and  voluntary  compliance  of  the  individual  investigator.   The  generation 
of  this  document  on  studies  of  nondefective  hybrids  in  NIAID  required  a  14 
month  moratorium  on  the  propagation  of  these  agents.   Due  to  the  priority 
given  this  work  by  NIAID  no  containment  facilities  will  be  availaljle  in  this 
Institute  for  another  18  months  to  2  years. 

The  implications  of  a  2  1/2  to  3  year  delay  on  work  with  nondefective  hybrid 
viruses  in  this  Institute  are  already  affecting  the  willingness  of  investigators 
in  other  institutions  who  are  interested  in  working  with  recombinants  to 
cooperate  with  the  Memorandum  of  Understanding  and  Agreement  mechanism.   In 
addition,  the  threat  of  such  delays  will  likely  affect  the  judgement  of  these 
investigators  when  they  consider  the  extent  to  which  they  involve  administrative 
personnel  in  future  problems  of  a  similar  nature. 

Proposed  Course  of  the  Project;   The  13  papers  published  on  work  with  nonde- 
fective hybrid  viruses  in  1973-1974  culminated  seven  years  of  intense  work. 
Due  to  the  lack  of  containment  facilities  we  have  been  unable  to  propagate  the   i[^' 
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nondefective  hybrid  since  Feb.  1973.   The  momentum  generated  since  these 
studies  were  Initiated  in  1967  has  been  severely  reduced.   The  extent  of  this 
slow  down  is  apparent  when  the  work  which  has  been  curtailed  is  reviewed. 
Studies  on  the  sequencing  of  the  SV40  DNA  segments  in  the  nondefective  hybrids 
have  been  suspended.   Studies  on  the  mechanism  of  action  of  Interferon  on  viral 
RNA  transcription  have  been  suspended.   Studies  on  the  transcription  of  the 
nondefective  hybrid  genome  during  lytic  infection  have  been  suspended.   Studies 
attempting  to  deleniate  the  apparent  instability  of  the  B55  and  AdZ^])^   genome 
In  human  renal  cells  have  been  suspended.  No  attempts  have  been  made  to 
Isolate  the  Ad2''TTD4  ^jg^.  hybrid  discovered  during  heteroduplex  mapping  studies 
18  months  ago.   No  attempts  have  been  made  to  develop  techniques  to  isolate 
additional  hybrids.   Studies  to  determine  if  the  nondefective  SVAO  DNA  segments 
isolated  by  E^.  coll  RI  restriction  endonuclease  digestion  would  transform  cells 
have  been  postponed.   Without  adequate  containment  facilities  and  technical 
help  to  allow  resumption  of  biological  studies  in  the  very  near  future  the 
initiatives  provided  by  the  isolation  and  characterization  of  these  agents  in 
NIAID  will  be  lost. 

Until  proper  facilities  are  available  studies  will  necessarily  be  restricted 
to  completing  studies  initiated  prior  to  February  1973,  transformation  assays 
using  UV  inactivated  viruses  and  the  isolation  and  characterization  of  trans- 
formed cell  lines. 
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r.ia  1  i  ::r,anc  i  es    i  n    hian  . 

HeldlOUK      fLKllo-.  .>d 

Iiany    b  i  od.oi  li  ca  1    iirrthods    i;ave    been    erij-loyed.        Included,     lut 
not    all     inclusive,    arc'    Si^ec  t  roi)iiouoi  ;o  t  ry,     sinrlo    and    d;oui"lf> 
isotot'O    trr.c'iwr.f    f^el    e  1  oc  t  ro.dio  rc^s  i  s,     .".r.idiont    con  t  r  i  f  u  -a  t  i  (Mi, 
paper    ami    colnnn    ciiroi  la  to  :rapl,y,    etc.        In    addition,     various 
bielo'-ical     tecim  i 'ii-ies    iiavo    l;rf>n    rni-.loyo'!,     i^od      in    ti  ssut     culture 
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o\M.l    i  ii    aniiials,    ai.    i  tx' i  rac^d    in    tiu-    i,f'CtioriS    nr    rfsults.       Srvoral 
GXtensIoris    of    Llio    i  n  t  rai  lira  1     i^ro -rat      l;avf    I'fpn    clrvnlonod    in 
col  1  .li.ora  L  i  vc    pro,,rar  s    liirou-li    tiir    contract    'aranc'i    r.f    M  ,M  "^  . 

I'.a  lor    Findi  n:  s 


Tlie  ijrf;vioL:b  yea 
in  i  n  terff-ron- trf.'ate 
eel  1  111  ar  i^fJA  chat  is 
eel  1  s  not  trnateci  v;i 
nonr  i  bosoi  !al  lUiA  fou 
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under  tiiose  circurist 
r.'ieclian  i  sri. 
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a  role  in  tbe  recor.nitlon 
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isbe<l    nore    definitively    the    nature    of 
lirJA.       Tbe   i.iaterial     tb.nt   we    tiad 
for    RNA    tins    been   nore    firr.'.ly 
b    in    netliyl    croups    and    since    otily    t-R'lA 
trori'T    evidence    that    tbe   material     is 
it    setiiiients    In    sucrose    r.rafiients    at    'rG 
baracter i s t i c    of    t-RMA.       Tbe   Material 
nr:er    RKA    sliov/s    the    characteristic    of    rost 
t    binds    to    a    co  1  unn    of    pol  y-d- tbyni  il  i  ne 
A    contains    a    poly    A    fra<^rient.       Mov;ever   \ic 
i  rii   or    rule   out    tbe    possibility    tbat 
nt    frori    noriial.       l<'e    have    been    tr'^it.r    to 
of    tbe   naterial     in    order    to    L^ettcr 


nf 
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An    additional     [)iece    of    RiiA    stuillcr    t!ian    l-RbA    iiad    been    foutK 

that    sbo\;s    tbe    i  n terf  eron- i  nduced 


in  association  v;iiii  polysoi.es 
size  c!ian,"es  alludrKi  to.  Tbe 
be  i  n;;    i  nvcs  t  i  ,:a  tv.c  . 


nature    cjf    t!;  is    i)ol  ynuc  1  eot  i  de    i 


Stabilization    of    poly    I  .  pf)  1  y    C.       Prr^vious    work    fron    tliis 
laboratory    and    otiiers    has    shown    tliat    tiie    [voly    l.noly    C    is    a    ^;ood 
antiviral    and    antitut.ior    arent    in    rodents.       Ilov/ever,     it    iias    p.roven 
d  i  sai^poi  nt  i  ii^    in    liotli    these    regards    In   iv.an    r\n<.\    in    other    ;>r  i  rvstes . 
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r^Ti 


A    fe\/   years    n,",o    vn;    siiov.'nd    tlint    tlH>ro    13    prrsrnt    in    hunnn    serin. i   n 
lii;li    Invol    c^f    octivity   of    a    nurlpasn    cof\\,](-'/.    that    ('fstroys    poly 
I. poly    C.      Otlifr    atiif.als    with    surli    a    iii'.h    IovpI    of    'jorLin 
nucl  rases    also      avo    i^ininal     r(?5ponsf>s    to    i>oly    I.  poly    C.        It    v;as 
determined    tliat    efforts    tiirou'-h    the    cot  tract    hioclian  i  si.i   u'oulfi    he 
r.iacio    to    (i(;velo|'    nuclease    resistant    tl(>r  i  vat  I  ves    of    the    itu'ucer    l.uL 
such    efforts    v.t.rt?    not    successfiil.       Actin;';    on    an    ohservation    i.  ..cle 
a    fe\;   years    a;;o    by    Dr.    Uice   of    tUv.    hational    Cancer    Institute,    \jv 
succeciiecl    i  ii  t  rai  lu  ra  1  1  y    in    prfparinr    a    thrr.e-way    coriplex    of    poly 
I  .  po  1  y    C    wi  til    lov;   f.olecular    vjeij.ht    pol  y- 1  -  1  ys  i  ne    and 
carboxyi.)fct;iy  1  cr  1  lulose.       Tlils    corp-lex    is    (jartially    resistant    to 
hydrolysis    by    serui..    nucleases.       It    induces    nood    quantities    of 
interferon    in    nice,     possibly    nore    than    poly    I . po 1 y    C    itself. 
More    Irr.por  tan  t,     it    inducf;s    r.ood    quantities    of    interferon    in 
r.ionkeys    and    in    ch  i  r.ipanzees,    whicli    poly    I. poly    C    did    not.       Wlieti 
the    cohiplGA    is    r.ivon    i  n  tra  thoca  1  1  y    into   iionkeys,     l,LuU    to    2,00'J 
units    of    interferon    per   r.l    of    cerebrospinal    fluid    is    found,    \,'i  th, 
no    -^^ross    to.vlcity    seen.    Toxicity    In    r-oneral    appears    to    be    no 
rreater    than    poly    I. poly    C    and    perha.^s    is    less.       Antirenicity    has 
not    been    seen    btit    nuc!\    norr-    extensive    oliserva  t  ions    are    neerleo 
before^    the    anti.'.enic    poss  i  i' i  1  i  t  i  es    are    evaluated. 

:;  i-ni  f  icance    i:o    Rionedical    Research    and    the    Frorrar,!    nf    tiiC 


The  question  of  hov;  cells  d(?teriiine  vvhicli 
prot«jins  thiey  can  riah.e  v;i  1  1  actually  be  synth 
suljject  of  I'.uc'i  i  nvest  i  ■  a  t  ion.  The  Dresent  o 
a  ne\.'  way  in  \jhich  such  selective  control  can 
I  nterf  eroti- i  nduc(;d  d  i  scr  ii  ,i  iia  t  i  on.  ar.ainst  tra 
ciesi^enrier  iMJA  nay  be  only  t!ie  nost  rnadily  de 
several  types  of  n.essem^cr  tiUAs  selected  ar.ai 
ne\.'1y  aescrihu'd  actions  of  interferon  such  as 
the  ir.nune  systei.;  nay  to  related  to  this  Lroa 
alteratioii    induced    I)y    i  n  tr^rf  eron  . 
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Availability   of    an    interferon    inducer    that    is    hiolorically 
active    in    prlnaLes   offcri.    ti.c    possibility    that    It   ray    be 
effective    in    r.an.       Cy    analo.-.y    tlie    ix)  1  y    i.|;oly    C    poly-lyslce 
conpl(?A    ni,,ht    bv    expt-cted    to    act    as    adjuvant    for    lujth    Imnoral     and 
cell    Mediate;!    I ;  "i  .uno  Uj,- I  c.i  1    actions.       Ef  f  r:c  t  i  venes  ^    .I'eii.st    virus 
dlsfas'-    and    r  a  1  I ,  .nanc  I  fs     I  l.    an    encojra::  i  nr.    possibility. 


T, 


l^rtii.frifii   Ctajriii    qI'    Ha.   i'rp'K;ct 

Continued    efforts    to    prt^pare    lar:er    ■  u.an  1 1  1 1  fS    of    these 
alterct!    ;if.A    fractions    will    \>r   riadt^    in   order    to    carr:    out    norr- 
I)iolo:  Ic.-'.l     rind    b  i  ociici  li  ca  1     studlejj. 
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Toxicology    stU(Ji(>s    on    tho.    jjO  1  y    I.  poly    r    poly    1  ys  i  nn    ccnc-lfx 
arc    plnnnod    for    tlio    ir-;i  .ci' i  <ite    futun..       If   v/nrrantc<l,     trials    In 
i:iaii    versus    suitanlo    virtus    (!iL,nriS(:s    and    tunorb    v;ill    \>o.    i  t  i  L 1  o  trv.!. 

P  Li  Li  1  i  c  a  t  i  o ;  1  s  : 

Levy/  H.  B.,  and  wheolor,  J.:  Interferon  imiuction  by  iiiPLit 
virion.       Arriii  v. fur    die    gpsm.itp    V  i  rur.f  orbchunr  .     kl:       l':,'^-15j, 

197  i. 

I5arofi,    o.,    Fititor,    N.    C,    Gala:.so,    G.    J.,    Glar.r.ov/,     L.    A., 
Levy^    I!.    B.,    aiiti    Vf)un;-:n(-r ,    J.    S.:        Interferon.       Sr  i  nnrr 

Worth  i  nrton,  fi..  Levy,  I!.  B.,  and  KicO/  J.:  Late  therapy  of 
an  arbovirus  onre[)!ial  i  t  i  s  in  riice?  vvitii  interferon  and  i  titer  f'>ron 
St  inul  ators.       Pror.    Sor.    Fxp.    Giol.    Tied,     lu  3 :  G3C-G't3,     1J73. 

Kelly,    T.,    and    Levy,    II.    B.:       Lark   of    uptal;e    of    intact    poly 
rl:rr    by    tissue;    culture    cells.       Proc.    Soc.    F-xp.    P>iol.       Med., 
1j75,     in    press. 

Levy,    11.    B.,    and    Riley,     F.     L.:       Fffect    of    interferon 
^    treatnent    on    cellular   r  essenror    f^lJA.       Proc.    tJatl  .    Acad.    Sci  .       7'j 
3313-3ol'J,     1'j73. 

Ilaron,    S.,    Catnala,    F.,    and    Levy,    H.    ?> .  :       La    problene    de 
1  '  i  nterf  cron.       Tlierapeut  i  uuc    23  :  3311-532  J,     l'J75. 

Levy,    b.    B.:       Antiviral    and    arititurior    chei  .otl.erapy   v/itli    the 

interferon    systen.       In    lleinzelrian,    R.    V.     (Ed.):       Aiinu.'^l Ropor  L^ 

in    lU'dirinal    Cheiiistry^    vol.     i .       lloM    Yorl;,    AcaJeriic    Press,     l'J73, 
pp.     IIjU-Ij'j. 

Levy,    H.    C.:       Ctiapt(?r   on    Interferon    for    Encyc  loped  i  .i    Delia 
Clienica.       Utet    Gar. son,     Pul.'llslier,     Florence,     lJ7't,     in    i^riss. 


Levy,    H.     D.,    anu    Riley,     F.     L.:        Interferon    it;duced 

alterations    in    cf'll    riacror  o  1  ecu  1  os  .        In    .Report    of    an LntC  rft^roii 

.workshop.       GuUHMw.ian    Foundation,     Lisbon,     Portugal,     l'.:7i;,     in 
press . 
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1.  La')Oro tor ','    of    Virril     D  i  srasc.ij 

2 .  Cel 1 u 1 ar    Vi  roln  :y 

3.  Botlics.'.-i,    flarylan'-! 

PI  IS -;i  Mi 

I  ii'I  i  V  i   ilia  1     Projv.ct    Rei^orl 
July    1,     l'J73    t'.rnii';;,    ,]u\\r    j^,     l'J7''> 

Project    Titlo:       Structuro    aiui    iioi^l  i  ca  t  i  on    of    \' ]  ri.i':,os 

Pr^'vioLiS    Serial    lluril  (>r:       S.MT 
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P  r  o  j  < !  c  t    n  ""^  s  c  r  i  I )  t  i  o  I ; : 

Ob  icrt  i  v.ih 

Tlif    r.ajor    cr.pluisis    of    tlm    ;.rojncL    falls     i'lto    t'l'tc    arcrs: 
(1)     till'    coil  t  i  iukmI    stuily    of    1  iolo    ical,     i;'iysicol    a,.'!    ri'i'iical 
pro'-)(!r  t  i  OS    of    virus(>s    of    Fn  rai  :oi  [;a    i  i  i  s  t  o  1  '.  t  i  c  a    ar^'    ti'.'M  r    "oss  i'  lo 
r(;  1  a  t  i  oiisii  i  I      to    iiui.,ai;    disease.       i^)       '..o    nn^    a  t  Ler.ii  t  i  tv     to  -if-olato 
noM    viruses    froi:    otr.(}r    i^rotozoa    './liic'i    arr;    ;.atlu)    r>riic    fc^r    i  an. 
( jj )       Col  1  al'.ora  t  i  ve    stuiiios    on    tlie    pc;ter.tial    of    i  iirinr    sarcnia 
V  i  rus- transf  on -.ei'    c';lls    tcj    revert    ariu    ro  transf  on/,,     to    !-ro(:uce 
d(^f  ec  t  i  v(>    C-particlcs,     revrM'so    transcriptase    and       s    ,:nti     en, 
tl^eir    r(>scual- i  1  i  ty    \-it':    I'.uLV,    and    tluH  r     inducil   ilily    ■,/!  t!i     lUdU. 
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fIcthO'Js    Efiploveci 


Tliosp    stUfiii'S     involve    iiir.ii    resolution    elortror;    ;;icroscopy    of 
viruses    arii!    sections    of    infficted    and    norr.al    cells    "i^ployiri"    a 
vari(;ty    of    viruses    and    cell    strains.       A    variety    of    clirr.ical    anr! 
(jhysical     t'>c:in  i  qiies    are    utilized    In    tlie    jHir  i  f  i  ra  t  i'm    ant-    stue'y    o 
tlic    liiolo'^^ical    an-l    c'leiiical    properties    of    viruses. 


Tissuer    culture    is    erployr^'    i  r:    atteiipts    to    indLico    infection 
of    vertebrate    cells    l)y    l;novvn    ai:oel)al    viruses    an^:    to    isolate 
putativ(>    a,ents    fror:   otlu>r    parasitic    ivrotozoa. 

Iioior    Findings 

(1)       ."iiiej.il    viruses.        (a)       First    an'l    second    clor-.er.    of    £^ 
h  i  s  to  1  v/  r  i  ca    are    under    continue^'    study.       All    clothes    of    strain 
!IC:3iJl    so    far     isolates'    in    tlie    presence    of    virus    antls'^rur     !'ave 
prodi:c(?d    t!ie    p^olyhcdral    virus    (V3J1)     ( '^  i  ai  .one!    et    al).       WhetliT    op 
not    tills    apiJcir'Mit    lyso'Miic    systot:    Involver,     inte^-r.  tion    of    viral 
Pl.A    into 
al  .  ). 


uoeLal     Dii/"     Is    under    cc)n  t  i  r.uf  <;    i -ives  t  i  T' 1 1  on    (fattern    ot 


(L)       A    t.)i  rd    norjdio  1  o  ■  I  ca  1    entity    has    '  een    i  dent  if  I. -^d    v.itliir 
f   nucl(!l    of    infocteM    c^lls.        It    is    a    uni(jue,    [.ea'''vi    structur-^.       >ie 
are    currently    otteiiptin:    to    isolate    tliis    entity    an-'    deterrine    '  y 
usual    criteria    vdietiier    it    is    a    ti.ird    atxd),-;!    virus    (f'attern, 
D  i  ai  ond,     Kon  ton  is). 

(c)  To    date    \i(:    d.avt^    booji    unsuccessful     In    attcfipts    to    induce 
ai.td-.il    viruses    to    replicate    In    vertelratf;    cells.       ..'e    fire 
coi;tinuin'.    our    efforts    i4sinr,    c'ler.icals    kno\ni    to    facilitate    virus 
uptaiu;    (IvOntOiils,    liattern). 

(d)  Coi  ^e    strains    of    a;  e'..a"    p.roiuce   ninir:al,    or    or.ly 
occasionally    ('j:  tectadl  c,    iiuantitler.    of    virus.       oonr    of    tiie    lir.:3Jl 
ai'(>L/,i    clones    l/e.iave     in    tl'is    '"anner.       '.Je    liavf>    le-en    a'  le    to 


api^rec  I  ai.) 


incrrjase    virus    product  lo 


oroc.ucnr  '  strains,  nn 
produc  1 1  Of,  I  n  f;ne  ";1  I 
Urusi'.a,    r.a  ttorn)  . 
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(e)       To    <!ate,    one    or    iiore    r;orp>d,o  1  (j  -  irally    distinct    virusrs 
have    heen    isolate  '    froi'    lu    dl^'ferent    a;;enI;:fM;    strains    of    F . 
hi  stol  jV  I  ra.       Virus    'ic^st    ran  :es    on    lio  te  ro  1  o  -ciis    strains    of    ar.r:.a<^ 


nave 
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found    (ilfferont    for    '^^acl'    virus     isolate; 


Al 


virus     Isol.ites    iiavt;    l'(?en    f-xaiilne; 


(electron    !;Irroscc\;y 


Al  1 


/ 
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2.  Potential    viru3ei>    in    otiior    pathor.frii  i  c    protozoa.        Initial 
atteniJts    to    isolate    lytic    ar.onts    fron,    Tri  c-lionona^    va:.  i  nal  i  ;>    liavo 
boon    unsucce^ssf u  1  .       We    are    continuiiip;    \;itii    atteripts    to    indiicf 
possible    viruses    atu!    to    employ    polync^rs    \;liicli    are    l;nov;n    to 
facilitate:    virus    uptake    t.'y   ociier    cell    systeius. 

3.  Co  1  1  al^ora  t  i  ve    studies   \/ith    i  nves  t  i  ;:a  tors    of    tl'.e    i.'Cl. 
(o)      Uc    liave    e;>cr  Inec!    huiian    aniiion    and    lunr;    cells    infectoc'   \.I  t!'. 
S  +  L-    Kurine    sarcofia    virus    and    ascertainec;    t!iat    t'ley    prohal-ly    Jo 
not    produce    C-tyix?    particles    ( Pappareor  cf;    et    al.). 

(h)       fc.e    iwive    exafine::'    riurine    sarcoMa    transforned    coll;.    In 
wiiicii    flat    revertants    have    been     induced    iy    f  1  uorodeo;;yur  i  d  i  ne    and 
colcfM.iid    and    confirr.ied    pro'.'uction    of    C-typc    particles    in    IluLV 
rescuable    and    reverse    transcriptase    r)Ositive    clones    (Iloi  ura    et  ^ 

al  .  ).  f 

(c)       ..'e    have    i  tives  t  i ;  ated    tiie    ti:i"or  i -en  i  r  i  ty    for    Calli/C   i.iice 
of    c(^rtain    spontaneous    revertants    of    Kirsten   r. urine    sarror  a    virus 
transf orr  r.d    Bali)/3T5    cells.       This    property   v,as    correlated   '..ith 
ir.any    (11)    other    cliarac  ter  i  s  t  i  cs    of    th(?se    cells    Clorura    et    al.). 

oi-  ni  f  i  cance    to    Biot.edlcal    Uesearch,    and    the    Pro-rar.:   of    tiie 


These    studies    are    intende<!    to    contribute    to    our    knov;le('e    (if 
tfie    proc(?sses    by    whlcli    Ijoth    RfiA    anri    D!!A    viruses    replicate.       Tlie 
ultifiate    ",oal/    UMich    is    flruilnn    iv-ans    of    i  n  tr-r  ru;)t  I  nr    tlu^    viral 
re;.>  1  i  ca  t  i  on    cycle/    \.'I11    undoubtedly    re'Uiire    ai)proaciios     involvir,.. 
r.'.ultiple    disciplines,     includiii'^    sucii    electroii   i.i  crcsco;.  i  c 
s  tu;;  i  (.-s  . 

(1)       The    i)ossible    iieriical     s  i  -n  i  f  i  canre    of    prc^to^oil    viruses 
is    Lein-    i  nves  t  i  ^^a  te  i . 


1 


(2)       Tluj    nature    of    tiir-    apparcjnt    lysojMiic    state    of    the    ai  .'  Inn 
virus    is    !)cin"    furtiier    I  nvr- t  i  "ated  . 

( ii )       Jitudies    on    tfie    r  ;eci;ar)  i  si  s    of    riurine    sarcoi;a 
transf  oriiat  i  on    c\Ui\    reversion    of    ells    r.;ay    [;rovI''^    clur>r.    as    to 
basic    processes    in    hu!  ,an    r  .a  1  i  .'.natic  I  f.s  • 
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Continued  intensive  stucy  of  all  phases  of  tlie  nr:'./  aiiopl>al 
viruses  is  planned  In  col  1  al'ora  t  i  on  v/itli  LPD.   It  is  also  )lanno(l 
to  continue  exploration  as  to  tiie  possibility  that  other  !iui  an 
protozoal  pathiOTens  t.ay  have  1  nr  i  r^enous  viruses.   Contlnurd 
studies  on  a  possible  re  1  at  i  onsh  i  ;:>  betv/een  viruses  and  anelal 
pathogenicity  are    in  pro;;ross. 
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Kevertants    ov    rouse    cells    tr<>nsf orr'c<!    hv 


I  I 


Flat    variants    Indrced    !)y 
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Hruska,  J.  P.,  dattern,  C.  F.  T.,  and  DI 
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Gerv.'I  n,     F  .     I  . 
.  :       ''xpress  ion 


t!-e 


defective    "G+L-"-type    nurine    sarcor  a    virus    r,encr  ;e    in    !uii;:an    ariMOt^ 
and    lun^    cells.       J.    liatl.    Cancer    Inst..     I'^li-,,     in    press. 
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Project  Descr  i  jj  t  i  on  : 
Oh  lerti ve^ 

To  stu'.iy  the  ul  t ras  t rue turt^  of  protozoa,  i;i-'tazoa,  and 
vert(?hrates  v;i  t;i  particular  etpiiasis  (m:  tlu:  correlation  of 
ul  trast  rue  ture  and  futiction.   Or  anisrs  aru'  or;-ans  under  stu 
are  selected  hoth  to  stuiiy  piiy  1  opene  t  i  c  kinsdirs  an-'  certain. 
details  of  enhryopenes i s . 

Methnd';     FnpJnvpd' 


Hiph    resolution    electron    i  ;i  crosco-?  i  c    obse  rva  t  i  o;is    are    tai'e 
in    sectioned    cells    stained    liy    conventional    f^ethfids    p.r  '    specific 
h  i  5tociier)i  ea  1     reactions    and    by    au  torad  i  opraph  i  c    electror^ 
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nil  croscopy 
function    o' 


in    order    to    elucif'ate 
5c  1  ec  t    or ';anol  1  os  . 


Serial    lio.    rJIAn-71-Gl 

tlio    chcnicrl    cor  jios  i  t  i  on    r.n'' 


llaior    Find  inns 

(1)  Continued    stu-iies    on    tiie    ul  t  rast  ructure    cf    vertohrate 
and    i  nvcr  tolerate    contact    ciTorioroceptor  s    are    d(^sl',ned    to    furtl;er 
test    a    v;orkin.f:    hypotliesis    iripllcatinn    a    role    of    acr.  ty  1  ciio  1  i  ne    In 
trie    i^riiiary    events    of    taste.       tlot    only    Iuts    acetylcholinesterase- 
been    localized    in    the    taste;    pore    as    v.'e  1  1    as    in    previously 
descriljed    areas    (Paran    ac.d    i1attf;rn)    but    prelirinary    stuciios    \.itli 
fluorescent    buni;aroto;-:  i  n    isave    der  .ons  t  rated    tiie    pri:sence    of    an 
acetyl  cliol  i  ne    rec(.'p^tor    in    the    nore    (Pertel    anr.    Paran). 

(2)  An    ul  trast  ructural    study    of    division    forr^s    of 

Tr  i  rliof.ionas    va  -i  na  1  is    lias    revealed    a    nurbf;r    of    i  n  tc  r^st  i  ri'', 
features.       Sor;e    details    of    tlie    division    of    the    i;asti    ont 
(  ki  netosoiies,    pelta,    etc.)    and    an    extranuclear   ni  cro  tu!ai  1  e 
spindle    have    been    deternined.       Stares    in    tiie    c'ivision    of    the 
nucl(ius    and   r-^i,;;ration    of    nuclei    anu    i  astI':onts    to    opposite    :)r.les 


fol  lov/ed 
Hon  i  r.ijer  ■ 


) 


y    cell     division    liave    been    eluciilated    (Panl"l,     liattern. 


Research    and    tlie    Proirari   of    t!je 


Si  ,;ni  fi  ranee  to  Cionedical 
Inst  i  tutp 

The  taote  apparatus  providf^s  a  unique  syster  for  the  study 
of  S(;nsory  function  since  tlie  taste  cells  are  in  contact  \;i  th  the 
external  (oral)  environnent  and  can  be  treated  locally  as  u'fll  as 
readily  biopsied.   We  liave  provided  the  first  clues  as  to  the 
mechanisn  of  contact  clienorecept  i  on  by  demons  t  rat  I  nr;  thr-  prt^serce 
of  acetylcholinesterase  in  the  taste  pore  alon-^,  \;I  t!i  the  'iro^al^le 
localization  of  an  acetylcholine  receptor  in  tlils  area.   Furtlier 
study  is  needed  to  evaluate  the  precise  roles  of  ti.e  3  or 
possibly  k    types  of  cell  found  In  the  i,anr;alian  taste  bud. 

Study  of  division  forns  of  L  v.-ij-  i  na  1  Is  reveal  In^;  an 
extranuclear  spindle  provides  a>JdItIonal  insi:;hts  into 
trichomonad  division  of  possible  s  I -^n  I  f  i  cance  In  terrs  of 
ther.jpeutic  adjuncts. 


I  nc'  I  n 


Prnpospci    Course    of    the    Project 

Tliese    cor.u)arat  I  ve    ul  t  rast  rue  tura  1    stucllcs    of    tlie    anntory    of 
protozoa,    inetazoa,    vertel)ratc    cells    and    oraris    \.'I  1  1    be    continue; 
It    is    technically    feasible    to    i:ientlfy    cells    prodi.:cIn- 
acetylchol  ine    by   means    of    electron    ril  croscowe    h  I  stoclMuiI  ca  1 


!    tr' 


2 


^"■••11 
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Serial    f:o.    III,MP-71-G1 

localization    of    cholinn    acetyl     1;  rariijf  erase .       Likov/iso   \ip    bplirve 
it    p<^ssil)le    to    local  i^(^    sites    of    I'in'iinr.    of    la!)ellof!    bunnaro  to;-,  i  r: 
thus    i  (i'jnt  i  f  y  i  rv:    tiiosn    collr.   \/;:ic!i    liavo    an- ty  1  c';o  1  i  ;:g    rrcf"ptors. 
Tliesi!    studios    l^avt;    tlif    jiotential    of    t^rov]  (l'\  nr,    a    lii"Iily     'ntaileH 


fl 


n  ,0  d  c  1    of    t !  1  o    initial    events    in    1 1 1  n 
auiiitional     par:er3    arp.    currc^iitly 


'-< 


I  n- 


F  i  vp 

^r'^parf'd    fr^r    ..'u!>  1  i  cat  i  on 


Tiiey    roijrr-sent    t!i'^    cu  li  .1  nat  ion    of    alr.ost    3    yoarL;    of    '.-.'or!:    an.!    nany 
hav(-    :  oco[,e    puMishaMt^    only    since    i.oi  e    additional     un^'r  rr  tand  i  n~ 
of    tiiv^    taste    process. 

P  u  !j  1  i  c  a  t  i  o  n  s  : 

Cul:,-',    l'^ .    I\./    fiattern,    C.     F.    T.,    ami    lion,  i  ;-ber,  ,     R.    fl.:       GtL;dy 
of    n  i  i-'ni-ni  opi^a    f  r.::  i  1  i  5    1  .    Elpctro.i    .   i  crc;scoi>  i  c    observations    of 
tlie    binL.clcate    stages     II.    Ta;;f.  noi  ;i  c    posit  ic.>n    and    r-^^vision    of    thr 
nenus.       iL. Protoiool  .     jl:C'J-r,:.,     1'.74. 


'.dttern,     C.     F.     i.,     and    Paraii/ 


V.y]   ience 


0-; 


a    coi-i.  trac  t  i  1  e 


;iech<inisr      in    t.;e    taste    '..u;i    of    tlio    !,.ousr-    fun':iforri    [)ai>illa.       E x ;) . 
f.'etrol/    1-7!,,     in    press. 

Paran,    i:.,    and    rlattern,    C.    F.    T.:       The    d  i  s  tr  i  !->ii  t  i  o.i    of 
acetylcholinesterase    in    buds    o-?    the    rat    vallat"    wai^illa    as 
deteri  ,i  ned    Ir/    electron    i  i  i  cruscojt:    n  i  s  tcciif?:  li  s  t  r>  .       J.    Cor.'. 
.'■our .  f     lj7if/     in    press. 
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Con  Lroolor ' s 

Projfct 
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Pr.    o.  f.ov,    Yorl;  Dr. 

P.aron  lieiical     Collot'o 


Iroj(?ct    Uescri,  Lion 
Uujert  i  vftTi 


i'  1 .    G  a  1  i  n 


/  J 


"o    con  1 1 nuo    to 


lucii^atn    I  K'ciiari  i  i.nij    v/iiicii    control     hoct 


defensfs    (interferon    arid    li.r; unity)    iJurir:;    viral     infections    of    tiie 
v/liolc    anii.cii     and    of    cultured    ce  1  1  s>    t.o    t!iat    r:et!';Od5    r'.irht    So 
developed    to    (-[-iploy    tiicst.    i  j.'Ciiari  i  sr  :b    to    control     nL;r:an    viral 
i  nf  ec  t  i  oris  . 

fiotliods    E[,i;.'l07ed 


The  intorfi.rori  sysLef.  an<;  the  ir.r.iune  byi.ten  v.'ere  stu 
vitro  ubin:  a  variety  of  cell  culturc^s  f  roi  i  (.ifforent  an 
species  includinr,  [•.an.  In  vivo  studie'S  of  host  dr>fenses 
viral  inff'Ction  u'ere  conducted  in  i.ice  i~[\\i\  raL>hits.  Tlie 
irif (actions  a,et;tb  utili;:ed  in  uhese  studies  './en  vaccii;i 
vesicular  storatiLis  virus,  oindl  is  viri:s,  i.'ev.castle  ('is 
virus,  herpes  bii.i.le;,  virus,  chikiuiunya  virus  and  r'oiise 
viru:,.  T.he  iiatcM'ials  f;riploye'  incluned  interferons  fror. 
specif. s,  an  t  i '.'Ot.'y,  L.otii  sensitized  an  1  noriial  spleen  eel 
i  n  te'rf  eror,  ir.ciucers  si:ch  as  ;'0  1  y  i  nos  i  n  i  c  .  po  1  ycy  t  i  dy  1  i  c  a 
rietai)Olic  irihiI)itors  sncd.  as  r  yc  Icdn^x  i  i  d  (if;  and  actiroi.iyc 
the    ii.  I  iur.osupi:rc;Ss  i  vr-    a-^nt,    Cytoxan. 
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/Iiorc    viruL.    roi^  1  i  ca  t  ion    '.;nb    coi,,-lotoly 

stinulc'jtod    colls    r-ro(iucod    full 


i  n  torf  "^ro 
concUtionb    './Iiorc    virui.    roi^  1  i  ca  t  ion 
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(^ron    undnr    tliosf; 
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Tiio    f  i  :il1  i  n.:    that 

coiul  i  t  loris    Indicr.  to' 


tai 
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terf(^ron    undnr    tliosf;    conditioris    indicr.  trd    tiiat    a 
tiiO    iiiin.t    virion    s  t  i  r  m  1  atf^d    p/roduction    of    tlie 
oitico    vir.'il    arul    oLi'or    nucleic    acids    uro.    ttio    r.iost 

f    i  n  torf  oron/     and    sir.co    tfio    input    ch  i  I-.un.";unya 


j  c  c  r  li    o  1 


ins    i,  i  n:;  1  0-5- 1  randrf!    id. A,     it    scoriu    prolal'lc    that    at 

n    s  i  n/J  o-s  trandod    viral     ;{KAs    can    stinulatr    i  n  tor  f  rTori 


otudies    v-ith    toxc;)]asna    Infection    in    tissue    culture    v.t  re 
conducted    to    cicteri'ino    \.'!irthor    intorforon    or    an     iritorforon 
inducer,     poly    1  .  po  1  y    C    could   i..odify    tlio    ,';rov/th    of    L,     :'ond  i  i     in 
several    difforerit    typos    of    coll    ciilturo.       fVotroatnont    of    a 
vari(!ty   of    hur^an,     raLMt/    Dn'\    r  ouso    colls    v/i  th    poly    1  .  pel  y    C 
induced    interferon    v/itt.in    2^    Wours    except    for    L-crlls    './here    no 
interferon    uas    induced.        Inhiliition    of    toxoplasr'a    i  u  1  t  i  n  1  i  cat  i  on 
occurred    iii    all     tiio    treated    coll     typos    includinn    t!io    L-cells 
which    did    not    produce    interferon.       Further,     the    inhibition    of 
toxoplasiuO   nu  1  t  i  pi  i  ca  t  ion    did    not    uef;in    until     72    iiours    v/fieroas 
ttio    antiviral    state    vvas    induced    by    '^K    hours.       These    findinr.s     in 
contr<jSt    to    reports    in    t!ie    literature,    sur.^est    a    nori- i  n  torf  eron 
i^iechanisn    for    inhipition    of    toxo[jl  asi.ia    by    poly     i.poly    C. 
Finally,    a   r;ouse    interferon    exerted    antiviral    effect    in   r.ouse    L 
cells    but    did    not    innibit    tlie    r-.u  1  t  i  p  1  i  ca  t  i  on    of    L.    Hond  i  j  .       This 
finding    also    indicates    tiiat    interferon   iiay    not    be    inhibitory    for 
toxopl  asna   i  ui  1  t  i  i)l  i  cation. 


I'oly    I.poly    C,    an    interferon    inducer    v/ i  t 
application    to    ran,    ',;as    found    to    enhance    in 
to   Tiiali -nancy   of    rat    eiil;ryo    colls.       Low    pas 
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Interff.ron  pro(:ucod  !-y  c^lls  of    a 
exori:  antiviral  activity  b'ost  in  C'll; 
partially  in  cells  i  r^  closely  relate-d 
distantly  n^lated  -cMiera.   Durinf:  a  stuc 
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of  tlie  sane  ^e.-ius, 
:enera  and  rarely  in 
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A    study    \/as    uiuic:  r  taknn    uT    llie    effect    of    viral     liifrrtion    on 
SLii)sequent    infcotioti    by    tlie    cwiati   i.inlarial    parasite   i2_. 
";i  11  i  nnrntir .    i  ri    chiCt;    er.bryos.       Tlio    results    of    interference 
studies    beti.'eon    several    viruses    and    the   nalarial    parasite 
sur;';(?sted    that    tliose    viruses    \,'!iich    are    al'le    to    induce 
interference    (perliiips    r^edlated    ly    int(;rferon)    \jc.rc    also    able    to 
iniiibit    parasitic    zro\it\^. 


] 


?. ,       h.ii.une   rif^char!  i  ;>i  ;s  .       I  nr  .unosuppress  ion    stuc'ies    v;ere 
carried   out    in    tlie   nouse    utilizing    an  1 1  thyr  locy  to    seruf, 
X- i  r  rad  i  ..it  i  on    and    neonatal     thyrH(!C  tor.:y    as    tiie    Ir  ;ruinosupi:)ress  i  ve 
agents.       An  t  i  tliyriocy  te    serun    and    X-i  r  r  jd  I  a  t  ion    potentiated 
prin.ary    systenic    Infection    i;Ith    vaccinia    virus.       Fornation    of 
r;ou  t  ra  1  i ;:  I  n;:    aritibociy    v/as    sui^pressed    and    vlreiiia    was    r>ro  1  on.f^ed  . 
Tiie    potentiation    of    the    virus    infection    \iaz    largely    rf^versed    by 
passive    transfer   of    pliys  lo  lor,  I  c    anounts    of    anti!ofly    at    tfie 
appropriate    tii.e.       Neonatal  ly    tiiyr.ectoi  .1  zed    nice,    on    the    otl'or 
hand,    forncci    niUJtra  1  i  z  i  m:    antibody    nornally    and    recovered 
noricilly    froi;    prif.ary    vaccinia    virus    Inf(^ctIon    nltliou':h    their 
level    of    cell    i,.ediat(;d    Ii.iiunlty    was    dras  t  i  cr.  1  1  y    reducer'.       Level: 
of    I  n  tc-r  f  I.  roi.    in    the    serui,   \ivrv    not     influence''    by    the:.(^    i(^t!iods 
of    i  fu  :unosu|)prt;ss  i  on .       T!ie    results    su:;,':est    a    critical     role    for 
antilocjy    buL    not    for    cf;llular    Iriiunlly    in    recovery    of    i;Ice    fror'. 
prii'uM'y    syster.ic    infection    ;.  i  tb    vaccliiia    virus.       Ttie    c^ff'-cts    of 
Interferon     inducLiun    an<     passlvn    antibody    on    Lbe    course    rif    fata 
syster.ic    vaccinia    virus    Infictlori    In    i  i  irunosuf  pressed    iiice    verc 
studi(<i.       Tin;    cof  ;b  I  n.t  t  i  on    of    an     in.terferon     inducer    i-lus    anLl'>0''', 
v;as    cons  I '..(.red- 1  y    i.ore-    ef-'cci-ivc    than    therapy    ui'v.!i    elLiier    of    t'  i^: 
a':errcs    alonc;    w'kmi    a  :r   I  n  I  s  te-r^ -I    late     In    tlie    course    of    this 
syster.ic    infection.       Tliesf    I'i.illr.  ,s    sui;r,est    that    cc)nb',  r-rd    thera; 
v/i  th    an    inducer    of    Iiit(rf<  ron    ami    specific    antl'ody    to    virus 
iil'd.t    '.)"    eff(!ctlve    ii;    Ir  r -uno  I  o"  i  ca  1  ly    I  i.cor  ^p'e  ten  t    liosts    v.it!i 
certain    S(  ver*     vir..  1     inftctions. 


46 


,\  stuly  of  f';;p(^r  i  I  KMi  to  1 
kero  toconj  unc  t  i  V  i  t  i  s  of  tlio 
vims  i^ro(iUC  t  io.i,  int'M'fcror. 
tiiisue;i  v.'iiicl;  slitv.;  vy;jlccil  c 
al\.'nys  cor  r*' 1  n  t(>(i  \;it!i  o;iS'>t 
apijearancc  of  loral  aiitiloJy 
of  iKjri'Ob  bIripli'A  virus  froi. 
disease  cuincidful  witli  tiin  a 
iritis  ciisucMJ  two  days  oarli 
tissue.  Since  iris  anti'jo'ly 
of  lii  on  day  o  is  likely  tha 
cells  invRciin,.;  tiie  i  r  i  :, .  Tii 
virus  infection  to  imiucc  do 
and  the  relative  inscnsitivi 
action  of  inte^fe-ron  indicat 
play  an  iii;)ortant  role  durln 
infection    of    rat^hit    eyes. 
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I'or  lies    s  ii  •i,)l  ex    virus 

raM'it    \.as    LMid^rtaken    to    ccu/.i-are 

and    antiiody    pro^'iic  t  i  on     in    those    cyi^ 
linical     sirns.       VirLis    titers    \:vro.    not 
of    clinical    sitis.       Gii   ilarly, 
did    not    corrf  late    -./i  Lk.    el  if  i:;atioii 
the    cornea    or    conjunctiva.       Stror:al 
ppearance    of    seruri-,    antil)0(.'y    and 
er    tiian    local    antit>ody    in    tfiis 

exceeded    serun    antik-oc'y    hy    a    factor 
t    iu    wa.s    procfuced    by    i  t 'Munocor^pe  ten  t 
e    inability    of    the    herpes    sir.plex 
tectahle    concentrations    of    ir^terferon 
ty    of    herpes    siti[)lex    virLis    to    the 
es    tliat    the    interferon    systen   tiay    not 
/,    natural     recovery    fror-    this 
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The    findin";    t.hat    poly    i.pctly    C 

an    extreTU'ly    sensitive    syster: 
i  de    (>ffect    of    jio  1  ynucl  erj  1 1  dr  s 

as    interferon    itulucers    ii!    ran. 
til    the    :.:ro\/tki    of    tke    avi.ni 
rov  ides    adilitional    suf>iortin"; 
rffiron    and     i  t;  terf  rrence    r  <iy 
or    an  i  sr  :s  .       Studies    or    the 
ion    in    i  rruinosu, 'pressed    anii  ..Is 
s    in    nan,     indicates    that 

plays    an    f;ssential     role    as    a 
infection.       The    dei  ions  t  ra  t  ion 
tibody    i^rovidf.d    synerristic 
on    surges ts    potential 
tions    of    f.;an.       The 
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Serial    l.o.    riAIP-Vl-ll 

iiu  iunopa  thur.on  i  c    stialy    of    lioriou    sir.i;1f',;    virus 

kern  Locon  j  unct  i  V  i  t  i  3    of    t'nc    rj-jiiit    i  ;,<!  i  ca  te^'    tli:'t    Cfll    ;  .rd  i  a  tof! 
iiir.-unity    i   i;.!iL    br    a    riorc    ir.,oortant    !iol>1:    ciofcnso    fnrtor    tiian    is 
antil)0(ly    or    i  n  tor  f  (.  ron  . 


Proposed    CourL.o    of    thn    Proioct 

Tlio    studies    of    inductiot;    of    interferon    I'y    s  i  nr  1  e-s  t  randr^d 
lUiAs    \/i  1  1    l)e    continurd    as    a    search    for    additional     ()ol  yiiur  1  eo  t  i  dos 
'.vlilch    r.uiy    serve    ab    rfffctive    and    practical     inducers    of    ipterfrron 
to    control     liurian    disease.       Co  1  1  al;orat  i  ve    cliiiical     studies    usinr 
interferon    and    interferon    iiuiucers    will    '<e    cotitinued    as    pror  isii.f^ 
arf.-as    for    stuiJy    are    d(.'ve  loped .       Studies    desirned    to    elucid.ite    the 
irm  lunopatlio  lo.-.i  Cd  1    deVf:  1  o;)r  en  t    of    viral     disease    Lisinr,    tlie 
innunosupprcsseu    anir.al    and    recons  t  i  tu  t  i  on    experir.fnts    './ill    lie 
continu(}d.       The    vaccinia    virus    piiase    of    tliis    study    is    lar.'X'ly 
coi'.j'lete    anc]    a    siiift    in    eirduisis    tov/arus    the    l^erpes    viriiSfiS    \nll 
be    [ladt'    since    it     is    likfily    tiiat    the    i  r.i  luno  1  or;  i  c    ai.d    interff  ron 
I  leciwjn  i  SI  .s    art^    quite    different    for    t';e    two    virus    infectioris. 
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Dcii> '1  ro -.(Miaoo-    virus     \s    UL>."'i    ri^    o    '  .c    ->  l     for 
5    an'!    latont    infections    l.'orr.uso    it    is    an 
ioi:    r  u  1  t  i  p  1  i  ■:!.    "ac  1  us  i  vo  1  y    iti    i  ,oi'So 
to    a    clircmic    v  i  r;;;   i  a    i.itiioit    civ'ort    i  or!' i  <:  i  t y 
ectij    liavo    iyoon    licvo  lo:.OfI    v;iiir!i    allnv.    tl:o    nsr 

.'io  torni  na  t  i  on    of    in    vivo    -iriv    in    vitro 
s    functions    (iiifluction    of     i  n  t';  r  ^'o  ron    l.y 
n    nacropha    OS/     octitui    of    ^xo:-orious 
ucors    on    tlio    r  u  1  t  i  vO  i  ca  t  i  or;    of    tliosn 

i.v.     i  n  t  rcj'kico''    virusos,    or    i  p,  torf 'Tcj!',    or 


iiaior    Findin-s 

Tiio    study    on    t.io    ro  1  o    of     intorforon    (IF)     in    nurin 


L"V 


i  n  f  f:r  t  i  (mi 


in    VIVO    an((     in    v  i  t  ro    s 


inducc^r/     ami    tiiat 


IF 


I  r.    ;  acroi)lia  x- 


t : .  c    virus    : !  a  s    a 
cultures    it    v.as 


Vosicul.ir    stoiiatitis    virus,    and    5 
Pro  loir.:,c;d    trcati.:ont    v;itli    IF    still 


;0',/od  tl.at  L^V  is  a  i-oor  IF 
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3G;'>    loss    sonsitivo    t'.an 

;    loss    t!an    oondai     virus. 
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i  (i    not    load    to    a    cur;^ 
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part    becauso    a    slcn;    toxicity   of    tlio    IF    killed    tlio    r;acro:dia.'-os 
after    a    fvM   wooks    of    tr(>ati.ont. 

lior  lOl  o.ous    intorforonco    was    found,    v.'don    r  iacro;d-,a':r    culturos 
of    ciironically    LPV    infoctod   :;ico    and    of    control    i;ico    \'<  rr 
rcinfoctod    \/i  th    LDV.       Aftor    in    vitro    supor  i  nf  oct  ion    \yi  tii    L^V    ti;c 


super  i  nf  PC  tod    iiacroi)! 


■s    s!io\,'od    a    rr^iucod    LDV    titer    \,';;or-i 
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coiipnrec]   \.itli   I'.acropiia.'os    fror     control    iiico,    Sut    aii    increased 
titer    \,M(Mi    coni.'arod    wit!i    tlu?    titer    of    nonsuper  i  r.f  re  tO(: 
nacroplia 'OS    fron    chronically    LPV-infected    i   icc. 

The    results    on    tli(?    effect    of    IF    inducer    In.Cn    on    the    LTV 
titers    in    vivo    and    in    vitro    ar(.-    incorporated    into    a   iionuscript    to 
be    presented    for    pidi  1  i  ca  t  ion  . 
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otandar<l    coll    culture    nrul    viroloric    as    v/o  1  1    ns    !  iorlmni  cp  1 
n.otho'Js    arc    usod. 

[laior    Find  inns 

The  past  year's  of  forts  have-  I)c>pn  clroctod  to\; 
cha  meter  i  z  i  n;^  as  conpl^jtely  as  possilile,  the  nev/1 
hurr.aii  pa|)ovav  i  ruses .  Our  rt^sults  as  v/e  1  1  as  tiiosf 
otlier  laboratories  indicate  tliat  there  are  at  leas 
papovav  i  ruses  of  the  polyoi.ia  SV'tU  sub.'^roup  v/hich  a 
patiio'-ens .  The  BK  atri  JC  viruses  are  the  prototyp 
based  on  serolo.-.ic  studies/  they  arc  con:non  viruse 
COifl  of  tiur.ians.  The  JC  virus  is  proljably  th.e  virus 
for  tlie  demyel  i  nat  i  n.^  disease^  pro.-ressivc  nultiff) 
1  eukoencepiial  opa  tliy  (P(1L).  It  has  been  isolated  f 
PI'lL    thus    far. 
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1.  Transf orna t ion  studies:  The  oncc^enic  properties  of  BK 
virus  v/ere  i  nves  t  i  ,'3ated  by  in  vitro  as  ut  1  1  as  in  vivo  stu<lies. 
liO    tun-.ors  have  develoijer'  in  novvborti  lianstors  inoculated 

i  n  tracerelira  1  1  y,  i  n  trapcr  i  tonea  1  1  y,  or  subcutaneous  1  y.   fiev/born 
r.'.ice  inoculated  with  BKV  also  have  shov.'n  no  sirns  of  develop!  n.'^ 
disease.   Throur.ii  the  liational  Cancer  Institute,  5  nev/born  rhesus 
monk(;ys  v/ere  inoculated  v/ith  purified  BKV  by  various  routes.   Two 
developed  i  yniihadenopattiy  1  nontli  after  virus  inoculation.   All 
responded  \/i  th  l>inh  antiviral  antiliody  and  ttiese  aninals  will  be 
observed  for  2  or    3  years  for  developnent  of  disease. 

In  cell  cultures/  there  lias  been  no  evidence  for  viral 
transformation  induced  by  BKV  in  rat,  mouse/  or  hamster  cells. 
Ho\;ever/  human  fetal  brain  cell  cultures  have  been  transformed  l)y 
BKV.   Transformed  lines  were  ol)tained  after  lytic  infection  v;hich 
v;as  followed  by  recovery  of  the  culture.   The  transferred  cells 
are  unusual  in  tiiat  the  virus  persists  indefinitely  despite 
ri.Torous  cloninr,  procedures  and  antibody  treatr.ent.   Another 
unusual  feature  of  these  transf orr.ed  cells  is  that  the  tumor 
anti.;en  (T-anti  ;en)  is  not  synthesized  except  in  cells  under  "oi  nf^ 
productive  infection  (about  5-lJ'^  of  tiie  cells). 

2.  Biochemical  anci  bioph.ysical  characterization  of  BKV.   Ue 
have  reported  that  BKV  and  SV4J  shart;  coi  ir.ion  structural  as  v/ell 
as  V  i  rus- i  nductid  T-an  t  i  rr-'is  .   Analysis  of  the  structural 

po  1  ype[)t  i  dcs  of  BKV  sliov.en  that  there  are 
virion.   The  major  protein  (VP-1)  is  sli  .1 
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notei'/     iru'ic.itin  .    tiiOl    2    virusr-s    n  r 
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)Ot\/('Pn    niCV    ciri<l    SVMj    \,ns    fiirtlirr 
analyzoci    by    DI'A    hyl)r  i  d  i /.^  t  Ion    tochnifiuni,    ( tlifsn    studios   \ir.r<'    'U^ 
in    ceil  1  aborat  i  on   i/itb    Prs.    ^'arti^,    Hov;loy,    and    Klioury   of    tlic 
Laboratory    of    Ciolo':y   of    VIrusns).       Prolli   inary    ('vidonco 
indicates    tiiat    the    2    viruses   iiay    si)nr(>    conii-on    sequences    to    thf* 
extent    of    lu    to    2d    [lorcont. 

J.       Tbe    J(;    virub.       Lff'^r'ts    to    stu^iy    the    JC    virus    liave    been 
fiar;|)ered    l)y    a    lark   of    a    ,"Oo<i    tiost    cnll     to    rrov;    ttie    virus.       Thus 
far,     it    appears    to    rrov;   only    In    sponr,  iobl  ai.  t    colls    rlerivec     fror 
huiian    f(;tal    brairi    cultures.       Its    replication    in    tiiese    cells    is 
slow,    requirin,;    ip    to    1   nontb    liefore    cellular    <lestruction    occurs 
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h.  Isolation  of  paijovavirus  fron  t)ra  in  tuiior  a 
kot  t-Al  dr  i  cii  i>atlGnt.  A  virus  ant  i  ,-;en  I  ca  1  1  y  sir 
isolated  from  a  brain  tunor  (rf;tlculun  cell  sar 
urine  of  a  patient  v;ith  Wiskott-Aldrich  Syndror,-, 
-linkev!  Inr.unodef  I  c  i  ency  disease  In  v;!iicli  there 
iiioncc  of  I  la  1  i  j;nancy .  Althourji  a  direct  rrlatio 
us  anci  tunor  could  not  be  establlsned  in  tliese  s 
an  liiportant  lead  v/lilch  is  beinr:  further  pursue*-' 
lent  v.'ith  Wiskott-Aldrich  Syndrono,  who  had  hifli 
ers  to  BKV,  papovavlrus  was  also  isolatoc'  fron  h 
s    virus    is    currently    beinr    characterized. 
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CO    that    Df.A    viruses    of    the    pai^ova    r.rc^i'P   './'lic!; 
known    for    their    oncor.enic    potential    are    v/i ''esiJrearl 
pulatlon    oj-jons    up    a    ne\.'    area    of    I  nvost  I  ~a t  i'.ui 
inportance   of    these    viruses    not    only    in 
t    in    other    borritoforr     unexpl  a  i  tier!    ('iseases    of   ran. 
nee    indicates    that    children    are    infected    ec;rly    i ,-. 

likely    that    tiif:    virus    n.ny    persist    i  iKiff  i  ri  i  tn  1  y . 

t:ie    iiei/ly    lsolat(;d    viruses    (.JC)    Caur^o's    a    slo'./, 
isr.asr?,    pro.';ress  I  vr   rujltl  focal 
a  thy. 


Pro:.M)Sc  1    (.ours(-    of    t!ie    Project 

1.       Efforts    \/ill    !.t-    coiitinued    to    cor  pletely    cii  irac  tor  i  n*^    ti.r; 
prototViH.'    hur;an    ,ui;-C)V.;v  i  rises,    JC    and    BK.       Those    include    biolo.ic 


56 


■4l 


"•mimaBSt. 


'a; 


Scri.;l    I.'o.     NIAI^    71-J 

as   ufjll    aii    bl  ociici '.i  cnl    utu'If)S    wiilcii    arc    i)pin.-    ^'.oi;f     in 
col  1  al.'ora  t  i  on    v.'itli    5'V';ra1    otiu.r    rrov..:'.. . 

2.       The    si  .nificanrr    of    tlieso    virL;s(^s     in    rf.lotion    to    iur.r.r; 
fiisf^aso    \/i  1  1    l;r    assos'jo.i.        In    particular,     stuciirs    on    isolatio;     of 
thoS(>    viruses    fron    irirninn    ('fflciincy    <!is(!asf>s    as    v/o  1  1    as    frvA. 
patients    '..'itli    nco, elastic    f'.isoasc   \/ill    Ijp    con  t  i  ruir'l . 
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July  1,  1973   through  June  30,  1974 

Introduction 

ng  in  June  1973,  administrative  action  was 
ish  the  Laboratory  of  Microbiology,  as  a  re 
laced  on  NIAID  by  NIH  and  Departmental  leve 
1  ceiling  by   June  30,  1974.   On  June  24,  1 
ection  was  transferred  to  the  Laboratory  of 
d  a  part  of  the  Medical  Mycology  Section  wa 
e  Laboratory  of  Clinical  Investigation,  the 
ersonnel  from  LM.   During  the  year,  eight  t 
d  one  clerk-typist  accepted  positions  to  fi 
s  did  one  Commissioned  Officer  (Scientist). 
etired.   Seven  investigators  and  3  technici 
cation  has  been  achieved- -remain  as  of  the 
this  writing.   Despite  the  loss  of  morale  a 
OSS  of  technical  assistance,  the  remaining 
ed  or  continued  work  previously  listed  in 
listed  here  again  under  the  original  NIAID 
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time  aft 
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is  anticipated  that  one  investigator  and  one  technician 
reassigned  to  the  Laboratory  of  Streptococcal  Diseases; 

investigator  (CO)  will  be  reassigned  to  the  Rocky  Mountain 
ry;  and  that  one  one  investigator  (CO)  will  retire  some- 
er  the  start  of  FY  75.   Although  present  projects  may 
e  for  these  reasons,  there  is  still  uncertainty  as  to  tim- 

to  administrative  responsibility  and  ultimate  location 
ther  personnel.   Therefore,  no  individual  project  report 

notice  of  termination  at  this  time. 


Other  personnel  leaving  LM,  as  it  expires  as  of  the  new  fiscal 
year,  will  be  Dr.  Sang  Jae  Kim,  Visiting  Fellow  from  Korea;  and 
Dr.  Errol  Reiss,  Post-Doctoral  Fellow  from  Rutgers. 
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karyotic  microorganisms.  Or 
fungi,  mycoplasma,  and  bacte 
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other  biologically  active  mo 
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CO-^  (bicarbonate)  Imposes  Absolute  Control  Over  Cell  Growth 


A  broad  spectrum  o£  bac 
nutritional  and  morphologica 
or  bicarbonate  for  growth, 
specifically  to  bicarbonate 
were  C02-sensitive.   Initiat 
dependent  and  the  usual  lag 
concentration  of  C02/bicarbo 
old  inocula  grew  at  the  same 
inocula,  although  they  often 
requirement  for  C02/bicarbon 
period  is  not  a  physiologica 
imposed  by  a  limiting  nutrie 
C02/bicarbonate  throughout  g 
cessation  of  growth.   Other 
exerting  its  effect  by  provi 
bicarbonate  appears  to  have 
which  has  never  been  describ 
control  system  has  importan 
biological  and  chemical  agen 


teria  representative  of  diverse 
1  types  were  shown  to  require  CO2 
The  two  strict  aerobes  tested  responded 
concentration,  whereas  the  others 
ion  of  growth  was  C02/bicarbonate 
period  was  eliminated  when  the  correct 
nate  was  provided.   Physiologically 
rapid  experimental  rate  as  young 
had  a  quantitatively  different  initial 
ate.   The  data  shows  that  the  lag 
1  state  of  cells;  it  is  a  condition 
nt.   Cultures  continued  to  require 
rowth  and  removal  caused  an  abrupt 
experiments  showed  that  CO7  was  not 
ding  C4  dicarboxylic  acids.   CO2/ 
another  grov;th  controlling  function 
ed.   The  recognition  of  this  new 
t  implications  as  a  target  for  various 
ts  which  affect  cell  growth.  (Repaske) 
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Possibilities  for  Mesosome  Function  Clarified 

Many  speculations  have  been  made  on  the  role  of  the  mesosome, 
a  septally-located  invagination  of  cytoplasmic  membrane  which  is 
considered  a  bacterial  organelle.   No  good  evidence  for  any  role 
has  been  presented.   An  essential  first  step  successfully  utilized 
in  this  laboratory  (using  Staphylococcus  aureus)  has  been  to 
isolate  mesosomal  vesicles  in  order  to  be  able  to  compare  their 
composition  and,  ultimately  functions,  with  those  of  similarly 
isolated  membrane.   Earlier  results  showed  minor  quantitative 
differences  in  protein  and  lipid  but  improved  methods  now  demon- 
strate that  high  mesosomal  levels  of  glycerol  phosphate   reflect 
the  presence  of  cell  lipoteichoic  acid  (LTA)  exclusively  in 
mesosomal  vesicles.   Essentially  none  was  found  in  membrane, 
despite  the  convention  in  the  literature  of  referring  to  this 
compound  as  "membrane"  teichoic  acid.   A  similar  disparate  dis- 
tribution was  found  in  6  other  strains  of  gram-positive  bacteria, 
representing  the  genera  Staphylococcus ,  Streptococcus,  Bacillus , 
Micrococcus ,  and  Lactobacillus .   With  this  unequivocal  mesosome 
marker ,  attention  can  now  be  directed  to  biosynthetic  activities 
and  other  roles  in  which  the  magnesium-sequestering  capability 
of  LTA  may  be  important.   Other  studies  this  year  show  that  specific 
lipids  (phosphatidyl  glycerol,  cardiolipin,  monoglucosyl  diglyceride,, 
diglucosyl  diglyceride,  phosphatidyl  glucose,  carotenoids,  and 
vitamin  K2) ,  although  not  qualitatively  different,  are  all  present 
in  greater  amounts  per  unit  weight  in  mesosomal  vesicles  than  in 
cytoplasmic  membrane- -suggesting  a  role  in  synthesis  of  new  membrane 
Previous  ideas  of  mesosomes  as  major  sites  of  respiratory  act- 
ivities seem  ruled  out  by  this  year's  culmination  of  studies 
showing  that  cytochromes,  oxidases,  and  dehydrogenase  activities 


'I 


for  four  different  substrates,  are  all  associated  primarily  with 
the  cytoplasmic  membrane  fraction.   Furthermore,  degradative 
enzymes  (alkaline  and  acid  phosphatases,  5 ' -nucleotidase ,  adenosine 
triphosphatase,  nuclease)  were  found  primarily  in  periplasm  or 
extracellular  fluid,  and  not  in  either  membrane  nor  mesosomal 
vesicles:   only  insignificant  by  greater  levels  of  protease  activit 
were  associated  with  the  latter.   Staphylococcal  alpha  toxin  was 
also  found  to  be  chiefly  periplasmic.   These  results  negate 


results  of  other  investigators  in  Bacillus .   All  in  all,  the 
accumulating  evidence  suggests  that  one  of  the  earliest  concepts 
of  mesosome  function,  which  arose  purely  from  its  ultrastructural 
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only  at  the  major  site  of  new  wall  synthesis,  would  also  be 
concentrated  at  this  same  cross-wall  location.   (Theodore, 
Huff,  Beining,  Prescott,  and  Cole) 

New  Method  for  Isolation  of  Streptococcal  M  Protein 

Group  A  streptococcus,  M-type  4  (CDC  strain  0107)  has  been 
studied  as  a  representative  of  "difficult"  but  common  serotypes 
whose  type-specific  and  protection- inducing  M  proteins  would  need 
to  be  included  in  any  useful  polyvalent  immunizing  preparation. 
M  proteins  from  these  types  have  been  little  studied,  but  are 
known  to  offer  problems  in  purification,  in  yields,  and  in  co- 
purification  of  a  lipoproteinase  or  serum  opacity  factor  (SOF) . 
Last  year's  efforts  highlighted  M  yields  and  purification  from 
culture  supernatant  fluids.   This  year's  studies  concentrated 
on  extraction  (and  subsequent  purification)  of  M  directly  from 
cells,  by  new  methods.   Treatment  at  pH  4.4  with  molar  lithium 
chloride  (LiCl)  released  material  reactive  with  specific  (CDC) 
type  4  antiserum.   Varied  treatments  (ammonium  sulfate  precipi- 
tation, column  chromatography,  etc.)  of  this  material  revealed  at 
least  5  antiserum-reactive  components,  of  which  at  least  2  were 
dialyzable:   one  of  these  was  of  basic  character,  as  shown  by  acid 
gel  electrophoresis.   In  alkaline  gels,  more  protein-staining 
components  that  appear  to  be  antiserum-precipitable,  v;ere  found. 
Only  equivocal  tests  of  SOF  activity  were  found  in  LiCl  fractions, 
although   culture  supernates  were  strongly  positive.   The  results 
suggest  that  SOF  may  be  separable  from  antiserum-reactive  com- 
ponents, but  whether  these  latter  all  represent  only  M  or  what  the 
non-reactive  protein  components  may  be,  remains  to  be  determined. 
(Schade) 
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Plant,  Animal,  and  Microbial  Glycolipids  Related 

Extraction  o£  certain  plant  substances  (from  carro 
and  spinach)  with  chloroform-methanol ,  followed  by  DEAE 
and  thin-layer  chromatography  of  the  extracted  lipids, 
pure  glycolipid  hapten  which  exhibits  a  high  level  of  r 
with  complement-fixing  (CF)  antibodies  to  Mycoplasma  pn 
Chemical  characterization  of  the  carrot  hapten  indicate 
glycolipid  contains  glycerol,  fatty  acid  esters,  and  ca 
(galactose)  in  a  molar  ratio  of  1:2:2,  which  is  similar 
to  digalactosyl  diglycerides  from  other  plants.  A  simi 
containing  glycolipid  also  reactive  with  M.  pneumoniae 
was  isolated  from  human  brain:  galactose  was  shown  to 
antigenic  determinant,  presumably  identical  in  its  ster 
to  the  galactose  known  in  M.  pneumoniae  glycolipid.  Th 
ities  of  antibodies,  directed  against  plant  or  microbi 
lipids,  which  may  then  be  cytotoxic  for  human  nervous  o 
tissues,  raise  interesting  questions  which  remain  to  be 
(Prescott,  Caldes;  Channock,  Greenberg,  Helms,  and  Jame 
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New  Class  (Phosphoglycolipids)  of  Serologically  Active 
Glycolipids  Found  ^^ 
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Serologic  Relationships  and  Antigens  of  Yeasts  and  Fungi 
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A  serologically  reactive  galactomannan  (galactose/mannose 
2:5)  has  been  isolated  from  Histoplasma  capsulatum.   This  poly- 
saccharide gives  a  single  precipitin  band  by  immunodiffusion, 
does  not  elicit  delayed  hypersensitivity  in  sensitized  guinea 
pigs,  but  does  specifically  inhibit  macrophage  migration.   A 
glycoportein  extracted  from  this  fungus  shows  two  precipitin 
bands  in  immunodiffusion:   one,  identical  with  the  galactomannan, 
induces  a  delayed  hypersensitivity  reaction,  and  specifically 
inhibits  macrophage  migration. 

A  cytoplasmic  protein,  obtained  from  mechanically  disrupted 
£.  albicans  yeast  cells,  has  been  shown  to  be  reactive  by  immuno- 
electrophoresis  and  in  immunodiffusion  with  sera  from  infected 
rabbits  and  patients  with  chronic  candidiasis.   This  protein 
elicits  delayed  hypersensitivity  in  sensitized  animals  and  contains 
no  detectable  mannose.   (Hasenclever ,  Reiss,  NIH;  Ellsworth,  G.W.U.) 


Factors  Affecting  the  Existence  of  Pathogenic  Fungi  in  Nature 

Studies  at  two  different  sites  colonized  by  Histoplasma 
capsulatum  indicated  that  approximately  five  years  after  the  source 
of  fecal  contamination  (bird  or  bat  roosts)  was  removed,  soil 
samples  collected  randomly  varied  from  4-8%  positive.   This  low 
but  detectable  colonization  by  the  fungus  continued  for  another 
five  years  during  the  course  of  the  study.   H.  capsulatum  was 
known  to  be  present  in  the  site  associated  wTth  a  bird  roost  for 
11  years  and  at  a  site  associated  with  a  bat  roost  for  15  years. 

Although  many  sites  where  H.  capsulatum  is  known  to  colonize 
soil  are  near  or  under  chiropteran  habitations,  the  addition  of 
bat  guano  to  a  measured  area  with  low  but  detectable  amounts  of 
the  fungus  present  did  not  result  in  a  quantitative  change.  This 
lack  of  response  was  noted  over  a  three  year   period.   The  addition 
of  a  soil  culture  to  the  area  treated  with  guano  failed  to  establish 
heavy  colonization  by  the  fungus. 

Candida  albicans  was  found   in  one-third  of  the  samples  of 
pigeon  droppings  collected  in  urban  and  rural  areas.   Earlier 
studies  had  shown  that  the  upper  and  lower  gastrointestional 
tracts  of  over  50%  of  feral  pigeons  cultured  were  positive  for 
C.  albicans .   The  importance  of  this  source  of  the  yeast  as  a 
contagion  for  humans  remains  unknown  but  probably  represents  a 
public  health  hazard.  (Hasenclever) 

Cellular  Immunity  in  Inbred  Guinea  Pigs;  Animal  Models  for 
Infectious  and  Autoimmune  Diseases"  " 

Using  histocompatible  inbred  Strain  13  guinea  pigs,  system- 
ically  immunized  with  living  BCG,  protection  against  virulent 
M.  tuberculosis  can  be  adoptively  transferred  by  living  lymphoid 
cells  to  recipients  which  do  not  develop  demonstrable  delayed 
hypersensitivity.   The  imbred  guinea  pigs  also  provide  an  animal 
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model  for  multiple  sclerosis,  demonstrating  an  age-dependent 
chronic  autoimmune  encephalomyelitis:  ultrastructural  examination 
reveals  repeated  episodes  o£  demyelination  and  remyelination.      j| 
(Stone) 
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Total  2/12  -        6/12         8/12 

Professional         2/12  -    •    6/12         8/12 

Other  -  -    .      - 

Project  Description: 

Objectives: 

To  confirm  the  requirement  for  carbon  dioxide  or  bicarbonate  for 
elimination  of  the  lag  period  and  for  growth  by  using  bacteria  representative 
of  major  nutritional   groups. 

Methods  Employed: 

Inocula  were  grown  in  defined  medium  until  they  reached  the  desired 
physiological  age.  A  small  inoculum  of  washed  cells  was  used  in  a  1  liter 
fermentor  containing  the  same  medium.  Cells  in  the  fermentor  ware  grown 
under  a  controlled  gas  environment  provided  by  independently  regulated  gas 
flow  of  N2,  O2  and  CO2  which  permitted  rapid  and  accurate  changas  in  the  gas 
atmosphere  as  necessary.  Growth  was  monitored  and  recorded  continuously  by 
a  spectrophotometer  through  which  a  portion  of  the  culture  ^^as  constantly 
cycled.  The  CO2  versus  bicarbonate  requirement  was  determined  by  employing 
the  Henderson-Hasselbalch  relationship. 
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Major  Findings: 
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We  have  been  exploiting  a  yery   significant  earlier  observation  that 
the  "normal"  lag  period  in  growing  cultures  could  be  prevented  by  the  simple 
expedient  of  altering  the  C02/bicarbonate  concentration  in  the  growth  medium. 
The  unusual  aspect  was  that  aged  cells  required  a  different  initial  concen- 
tration of  COp/bicarbonate.  Thus  Hydrogenomonas  eutropha  an  aerobic  auto- 
troph,was  sensitive  to  bicarbonate  ion  concentration;  physiologically  young 
inocula  needed  6.6  x  lO'^^M  bicarbonate;  older  cells  needed  1.6  x  10"-^M  bi- 
carbonate, and  stationary  phase  cells  needed  5.3  x  10"^M  bicarbonate.  After 
1-2  generations,  the  bicarbonate  ion  requirement  for  each  type  of  cell  reverted 
to  6.6xlO-4M.  The  general  significance  of  these  observations  became  apparent 
when  we  domonstrated  that  Streptococcus  sanguis,  a  nutritionally  fastidious 
anaerobic  heterotroph,  could  also  be  grown  without  the  usual  four-hour  lag 
period.  This  organism,  however,  responded  to  the  COo  concentration  and  not 
to  bicarbonate;  but  again  the  CO2  required  was  a  function  of  the  physiological 
age  of  the  inoculum.  An  unexpectedly  important  role  for  CO2  requirement  per- 
sisted even  after  culture  growth  was  well  established.  This  requirement  was 
unambiguous,  since  growth  stopped  immediately  when  CO2  was  deleted  from  the 
atmosphere. 


Our  sampling  of  organisms  was  extended  to  include  the  facultative 
anaerobe,  E.  coli,  and  the  obligate  aerobe.  Bacillus  megaterium  both  of  which 
were  grown  in  a  simple  organic  medium.  Whether  E.  coli  was  grown  aerobically 
or  anaerobically,  an  obligatory  CO2  requirement  was  demonstrated  to  initiate 
growth,  to  grow  without  a  lag  period  and  to  sustain  growth.  B.  megaterium 
was  shown  co  require  bicarbonate  as  did  the  other  strict  aerobe,  H.  eutropha. 

Although  carbon  dioxide  fixation  by  heterotrophic  organisms  is  well 
known,  the  CO2  is  fixed  primarily  into  oxalacetate  and  eventually  into  aspar- 
tic  acid.  Because  (1)  aspartic  acid  supplements  to  the  medium  do  not  spare  the 
CO2  requirement,  even  when  cells  are  permeable  to  aspartate;  and  (2)  acetate 
grown  E.  coli  continues  to 
the  control  of  cell  growth. 
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require  CO2,  another  role  for  CO2  is  suggested  for 


The  following  statements  summarize  our  data  and  conclusions: 

A.  A  variety  of  nutritionally  diverse  organisms  have  been  tested  and 
without  exception  all   require  CO2  or  bicarbonate  for  growth. 

B.  The  lag  period  is  not  a  "normal"  physiological   stage  of  growth.      It 
represents  the  culture's  response  time  to  produce  endogenously  a  sufficient 
C02/bi carbonate  concentration.     No  lag  period  is  observed  when  the  proper 
C02/bi carbonate  concentration  is  provided.     The  optimum  concentration  is 
quantiatively  different  for  each  organism. 
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C,      Both  strict  aerobic  organisms   tested  were  sensitive  to  bicarbonate 
ion  concentration  while  the  anaerobe   (S.   sanguis)  was  sensitive  only  to  COp 
concentration.     Technical   limitations  of  the  equipment  did  not  allow  us  to 
discriminate  between  a     ' 
anaerobe   (E.  coli) . 


COp  or  bicarbonate  requirement  with  the  facultative 


D.  Growing  cultures  continue  to  require  COp/bicarbonate;   growth 
stops  when  CO^  is  deleted.     Limiting  COp/bi carbonate  supports  culture 
growth  at  a  limiting  growth  rate. 

E.  Carbon  dioxide  and  bicarbonate  is  some  way  exert  overriding 
control   over  growth  in  an  otherwise  nutritionally  complete  medium. 

Significance  to  Biomedical   Research  and  the  Program  of  the  Institute: 

The  cell,   the  fundamental   living  unit,   is  the  ultimate  focal   point  of 
biological   and  biomedical   research.     Various  aspects  of  organization  and 
regulation  still   remain  to  be  elucidated  before  integrated  reactions 
characteristic  of  normal  whole  cells  can  be  understood.     An  assessment  of  the 
cell's  response  to  its  chemical  and  physical   environment--its  physiology-- 
continues  to  be  the  basis  for  investigating  and  interpreting  normal   and  ab- 
normal  cellular  reactions.     Cell   physiology,   therefore,  supplies  direction 
as  well   as  meaning  to  biochemical   studies. 


Our  recent 
fundamental  aspect 
as  mammalian  cells 
which  the  early  pe 
This  descriptive  c 
pel"  of  the  physio 
bacteria  that  the 
tenet  of  cell  phys 
on  cultures  by  a  n 
This  critical  nutr 
have  neglected  to 


studies  may  have  dramatic  implications  for  growth,  a 
of  cell   physiology.     Growth  of  bacterial   cells  as  well 
is  graphically  described  by  a  sigmoid  growth  curve  in 
riod  of  "no  growth"  or  slow  growth  is  called  the  lag  phase, 
urve  found  in  all   texts  is  firmly  established  as  the  "gos- 
logy  of  growth.     By  demonstrating  with  a  variety  of 
lag  phase  can  be  circumvented  we  have  shown  that  a  basic 
iology  is  in  error.     The  lag  period  is  artifically  imposed 
utritional   deficiency  of  carbon  dioxide  or  bicarbonate, 
ient,  carbon  dioxide,   is  so  ubiquitous  that  scientists 
evaluate  it  quantitatively. 


If  our  findings  on  the  broad  sample  of  bacteria  is  truly  represent- 
ative for  all    living  cells,  a  universal   preemptive  role  for  COp  for  growth 
is  suggested.     The  implications  for  control   of  cell    growth  and  interpretation 
of  growth  related  functions   (virus  infection,  antibiotic  inhibition,  etc.) 
are  of  the  greatest  importance  because  this  is  a  parameter  of  growth  that  has 
never  been  evaluated  in  terms  of  a  target  for  deleterious  agents  or  conditions 

Quantitatively  different  COp/bi carbonate  requirements  whan  older  cells 
are  used  as  inocula  suggests  an  experimental   approach  to  an  aspect  of  cell 
aging.     It  is  particularly  encouraging  that  these  old  cells  hava  the  same 
capacity  for  rapid  growth  as  younger  cells  when  COp/bicarbonate  is  provided. 
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Proposed  Course  of  Project: 

The  fact  that  a  variety  of  nutritionally  diverse  bacteria  respond 


i 


simiarly  to  UU2/t3T carbonate  strongly  suggests  a  universal   function  of  CO2/ 
bicarbonate  for  all   cells.     Comparative  physiology  and  biochemistry  principles 
lend  sufficient  credence  to  this  possibility  that  these  preliminary  studies 
justify  a  serious  effort  to  identify  the  enzymatic  reactiori(s)  controlled 
by  C0„.     First,   however,   it  would  be  of  practical   as  well   as  theoretical 
value  to  extend  the  general   physiological   studies  to  normal   and  to  transformed 
tissue  culture  clones. 

Biochemical   studies  will   be  directed  to  identify  the  primary  system 
responding  to  COo/bicarbonate.     Representative  systems  to  be  tested  include: 
transcription   (DRA  and  RNA),   translation,   intermediary  catabolic  and  ana- 
plerotic  systems,  aerobic  metabolic  systems,  energy  transducing  systems,  etc. 
Once  the  general   system  dependent  upon  COp  has  been  identified,  a  detailed 


study  of  the  components  of  the  system  wil 
sitive  reaction. 


be  made  to  localize  the  COo  sen- 


Rapid  identification  of  the  system(s)  which  COp  influences  will   be 
made  through  active  collaboration  with  investigators  who  are  presently  using 
these  systems.     The  test  organisms  will   necessarily  vary  and  will   be  deter- 
mined by  "most  suitable  for  evaluation". 

Honors  and  Awards: 

1.  Served  as  Program  Director  for  Biochemistry  for  the  National 
Science  Foundation  from  September  1973  through  June  1974. 

2.  Invited  Participant  in  Bioenergy  Conversion  Workshop,  Wash.  D.C. 
Sept.  3-5,  1973. 

3.  Invited  Seminar.  National  Science  Foundation.,  Wash.  D.C. 
May  22,  1974.  "Carbon  Dioxide  Requirements  for  Cell  Growth." 

4.  Invited  Participant  in  International  Symposium  on  li^- Fixation. 
Pullman,  Washington.  June  3-7,  1974. 

5.  Invited  Seminar.  Washington  State  University,  Pullman,  Wash. 
"Implications  of  CO2  Control  of  Cell  Growtn".  June  10,  1974. 

Publications: 

Repaske,  R.,  Repaske,  A.C.,  and  Mayer,  R.D.:  Carbon  Dioxide  Control 
of  Lag  Period  and  Growth  of  Streptococcus  sanguis.  J.  Bacteriol.,  117: 
652-659,  1974. 
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Project  Description: 

Objectives: 

To  isolate  the  glycerol   containing  material   found  in  mesosomal   vesicles 
but  not  in  plasma  membranes  of  Staphylococcus  aureus.     To  determine  if  this 
material   is  glycerol    teichoic  acid  and  to  determine  its  structure.     To  deter- 
mine if  the  mesosomes  are  the  sole  site  for  localization  of  this  glycerol 
teichoic  acid.     To  determine  of  other  Gram-positive  organisms  have  glycerol 
teichoic  acid  localized  in  mesosomal   vesicles  or  in  plasma  membranes. 

Methods  Employed: 

A  new  method  for  the  preparation  of  mesosomal  vesicles  in  increased 
yields  from  S.  aureus  was  developed.  In  this  method  mesosomal  vesicles  were 
obtained  from  protoplasted  cells  as  has  been  previously  described.  In  addition 
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mesosomal  vesicles  were  also  obtained  from  lysed  protoplasts  and  washings 
of  plasma  membranes  by  differential  centrifugation.  In  this  manner  80  to 
90%  of  the  mesosomal   vesicles  found  in  the  bacterial  cell  were  recovered. 

Standard  methods,  or  previously-described  variations   (this  Project  1973) 
for  gas-liquid  chromatography  were  used.     A  new  method  was  developed  for  the 
isolation  of  lipoteichoic  acid  using  solvent  fractionation.     Mesosomal 
vesicles  or  plasma  membranes  of  S.   aureus  and  other  Gram-positive  bacteria 
were  extracted  with  pyridine-acetic  acid-butanol    (22:31:100,   v/v/v)    (PAB) 
and  chloroform-methanol    (2:1,  v/v)   (C/M)   to  remove  lipids  followed  by  treat- 
ment with  phenol-water   (40%  final)   to  yield  an  aqueous  extract  containing 
lipoteichoic  acid. 

Major  Findings: 

1 .     Isolation  and  chemical   characterization  of  lipoteichoic  acid  from 
mesosomal   vesicles  of  Staphylococcus  aureus.     Mesosomal   vesicles  of  S.   aureus 
were  extracted  with  PAB,   C/M,  and  phenol -water  as  described  above  to  yield 

phsophate. 
sphate, 
triphosphate 
Hydrolysis 
with 

ts  demon- 
sence  of 
mesosomes 
ight. 
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a  non-dialyzable  compound  containing  equal  amounts  of  glycerol  and 
Partial  alkaline  hydrolysis  of  this  compound  yielded  inorganic  pho 
glycerol,  glycerol  phosphate,  glycerol  diphosphate,  and  diglycerol 
as  the  only  glycerol  or  phosphate  containing  hydrolysis  products, 
with  2  N  NH^OH  released  only  alanine  (ester  linked)  and  hydrolysis 
2  N  NaOH  released  fatty  acids  (3%  of  the  dry  weight).  These  resul 
strate  that  this  compound  is  a  poly  (glycerol  phosphate).  The  pre 
fatty  acids  indicates  further  that  it  is  a  lipoteichoic  acid.  The 
contain  lipoteichoic  acid  as  a  major  (18%)   component  of  the  dry  we 

A  study  of  the  distribution  of  the  intracellular  or  lipoteichoic  acid 
in  various  cell   fractions  of  S.   aureus  showed  that  80  to  90%  of  the  lipo- 
teichoic acid  in  the  cell   could  be  accounted  for  as  present  in  the  mesosomal 
vesicles.     Only  small   amounts  of  lipoteichoic  acid  were  found  in  the  crude 
plasma  membranes   (6%)  and  periplasm  (6%)  fraction.     Sucrose  gradient  fraction- 
ation removed  the  remaining  lipoteichoic  acid  from  the  plasma  membranes, 
and  washes  oftheplasna  membrane  could  be  shown  to  contain  mesosomal    vesicles. 
It  is  clear  from  these  studies  that  in  this  organism  all   of  the  lipoteichoic 
acid  is  in  the  mesosomal   vesicles.    (Huff,  Theodore,  and  Cole) 

The  lipoteichoic  acid  fraction  from  mesosomal   vesicles  and  plasma 
membranes  of  a  number  of  Gram-positive  organisms  has  been  prepared,   the 
glycerol   content  determined,  and  the  ratio  of  lipoteichoic  acid  in  the 
mesosome  to  the  lipoteichoic  acid  in  the  plasma  membrane  determined.     These 
results  are  reported  in  project  NIAID  63B. 

2.     Carbohydrate  content  of  group  H  Streptococcal   cell  walls  and  its 
relationship  to  sensitivity  to  phage  associated  lysin.     Tha  cell  walls  of 
10  strains  of  Streptococcus  sanguis   (group  H),  of  varying  sensitivity  to 
group  C  streptococcal   phage  associated  lysin   (See  Project  NIAID  65A-4)  were 
hydrolyzed,  carbohydrates  determined  by  gas  chromatography,  and  the  results 
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compared  to  determine  any  correlation  between  lysis  by  the  lysin  and  car- 
bohydrate content.  The  resistant  strains  had  lowered  rhamnose  levels, 
and/or  elevated  galactose  content  as  compared  to  the  sensitive  strains. 
This  correlation  between  carbohydrate  content  and  resistance  to  lysis  by 
the  phage  associated  lysin  could  be  of  taxonomic  importance  and  of  interest 
in  understanding  the  mode  of  action  of  the  phage  associated  lysin.  However, 
more  examples  will  be  needed  to  establish  any  generality.  The  resistant 
strains  K  208  and  S.  sanguis  II  yielded  anhydroribitol  (0.3%)  as  well  as 
ribitol.  Cell  wall  teichoic  acid  usually  yields  only  ribitol  on  short  term 
hydrolysis  followed  by  a  gradual  conversion  of  ribitol  to  anhydroribitol  over 
a  3  day  period.  The  presence  of  anhydroribitol  in  quantities  greater  than 
ribitol  in  a  1  hour  hydrolysis  suggests  that  anhydroribitol  occurs  as  such 
in  the  cell  wall  or  that  a  different  type  of  teichoic  acid  occurs  which 
hydrolyzes  to  a  mixture  of  ribitol  and  anhydroribitol.  (Huff,  Cole,  Calandra, 
Nugent; 

Amino  acid  analysis  of  phage  resistant  strains  of  Streptococcus 
group  H  Wicky  have  been  carried  out.  Differences  in  some  of  the  amino  acids 
suggests  that  structural  differences  in  the  murein  of  the  resistant  strains 
prevent  action  of  phage  lysis.  (Huff,  Nugent). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Our  discovery  that  bacterial  mesosomes  are  the  sole  or  major  site  for 
location  of  the  intracellular  glycerol  teichoic  acid  or  lipoteichoic  acid: 
1)  should  bring  to  the  attention  of  those  working  with  bacterial  membranes 
the  difficulty  and  importance  of  distinguishing  between  mesosomal  vesicles 
and  plasma  membranes;  2)  provides  for  the  first  time  a  useful  marker  which 
will  allow  a  clear  distinction  to  be  made  between  mesosomal  vesicles  and 
plasma  membranes;  3)  has  led  us  to  propose  a  new  hypothesis  for  control  of 
cell  division  in  which  mesosomes,  under  the  influence  of  DNA  accumulate 
lipoteichoic  acid  and  magnesium  ion  and  thereby  become  active  in  localized 
synthesis  of  cell  wall  and  septum  which  leads  in  turn  to  cell  division. 
4)  Cell  wall  analysis  of  streptococci  offers  new  and  adjunct  approaches  to 
clarification  of  taxonomic  problems. 

Proposed  Course  of  Project: 

To  test  our  hypothesis  of  cell  division  we  propose  to  :  1 )  test  iso- 
lated mesosomal  vesicles,  broken  mesosomal  vesicles  (methods  for  which  are 
needed),  and  plasma  membranes  for  incorporation  of  labeled  precursors  into 
cell  wall  and  teichoic  acid  in  the  presence  and  absence  of  added  lipoteichoic 
acid  and  magnesium  ion;  2)  compare  the  binding  of  lipoteichoic  acid  and 
magnesium  ion  to  plasma  membranes,  mesosomal  vesicles  and  broken  mesosomal 
vesicles;  3)  determine  where  lipoteichoic  acid  occurs  within  the  mesosomal 
vesicle;  and  4)  extend  cell  wall  analysis  to  other  groups  and  strains  of 
streptococci . 
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Honors  and  Awards: 

None 
Publications: 

None 
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Project  Description: 
Objectives : 

To  isolate  and  characterize  by  cytological  and  biochemical 
methods  the  membrane  system  of  Staphylococcus  aureus  and  other 
Gram  positive  bacteria;  more  specifically,  to  examine  the 
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distribution  of  certain  enzymes  and  other  compounds  in  the  membra 
system  in  order  to  allow  for  the  biochemical,  physiological,  and 
structural  differentiation  of  mesosomes  and  plasma  membrane. 
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Methods  Employed: 

Routine  bacterial  and  culture  procedures;  spectrophotometry, 
polarography ,  paper  and  thin  layer  chromatography,  gas-liquid 
chromatography,  polyacrylamide  gel  electrophoresis  and  routine 
metabolic,  enzymatic  and  radioisotope  procedures;  differential 
and  density  gradient  centrifugation  techniques  and   electron 
microscopy. 

Major  Findings: 

1.   Localization  of  lipoteichoic  acid  in  mesosomal  vesicles  of 
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aureus  and  other  Gram  positive  bacteria 


The  localization  of  lipoteichoic  acid 
mesosomal  vesicles  of  Staphylococcus  aureus 
reported  (Project  No.  NIAID  62)  .  TTTis  disc 
up  to  now  lipoteichoic  acid  of  non-wall  fra 
only  in  plasma  membranes  of  Gram  positive  b 
whether  the  localization  of  lipoteichoic  ac 
6538P  mesosomal  vesicles  was  limited  to  thi 
was  a  generalized  phenomenon  which  occurred 
bacteria,  wc  prepared  mesosomal  vesicles  an 
from  several  bacteria  and  analyzed  for  lipo 
aureus  80/81,  Group  A  Streptococcus  C203S, 
Bacillus  licheniformis  ATCC  9945A,  Micrococ 
and  Lactobacillus  casei  var.  rhamnosus  ATCC 
plasted  in  appropriate  hypertonic  buffer  wi 
and  mesosomal  and  plasma  membranes  isolated 
fugation.  The  lipoteichoic  acid  was  fracti 
acid  hydrolysis  and  phosphatase  treatment, 
erol  and  phosphate.  In  each  bacterium,  the 
glycerol  (ymoles/mg  dry  weight)  was  greater 
vesicles.  The  level  of  glycerol  varied  by 
from  4  to  30  fold  greater  than  in  the  corr 
fraction.  The  data  indicate  that  the  lipot 
positive  bacteria  is  associated  predominant 
vesicles.  (Theodore,  Huff,  and  Cole) 
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2 .   Characterization  of  lipids  in  mesosomal  vesicles. 

Lipids  of  each  membrane  fraction  were  extracted  with  butanol 
pyridine-acetic  acid  and  the  non-lipid  contaminants  removed  by 
Sephadex  treatment.   The  lipids  were  then  fractionated  on  DEAL 
columns  and  characterized  by  thin-layer  chromatography,  chemical 
and  spectral  analysis.   The  lipids  were  separated  into  4  DEAE 
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fractions:   1.   Vitamin  K2,  carotenoids ,  C55  isoprenoid  alcohols, 
monoglucosyl   diglyceride  (MGDG) ;  2.   cardiolipin  (C) ,  phosphatidyl 
glycerol  (GPG) ,  diglucosyl  diglyceride  (DGDG)  ;  3.  C,  GPG;  4.  C, 
GPG,  and  phosphatidyl  glucose  (PGL) .   Qualitatively,  no  difference 
in  lipid  composition  between  mesosomal  and  plasma  membranes  was 
found;  however,  based  on  dry  weights  and  chemical  analyses,  a 
relative  quantitative  difference  in  the  amount  of  specific  lipids 
in  mesosomal  vesicles  and  plasma  membranes  was  observed.   The 
ratios  for  this  quantitative   difference  in  specific  lipids  from 
mesosomal  vesicles  over  plasma  membranes  were:   GPG,  3;  C,  2.5; 
MGDG,  3;  DGDG,  3;  PGL,  3;  carotenoids,  2:  and  vitamin  K2,  1.5. 
The  increased  levels  of  lipids  in  the  mesosomes  suggest  that  these 
organelles  may  be  sites  for  d_e  novo  membrane  synthesis.   (Theodore, 
Beining,  and  Prescott) 

3 .   Oxidative  activities  associated  with  mesosomal  vesicles  and 
plasma  membranes. 


Cytochrome 
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s  and  oxidase  activity  (terminal  and  complete 

electron  transport  chain,  respectively)  have  been 
alized  primarily  in  the  plasma  membranes.  Using 
,  succinate  and  glycerol  phosphate  as  substrates, 
se  activities  (initial  sequence  of  electron  trans- 
plasma  membranes  was  found  to  be  2  to  9  times 
at  of  the  mesosomal  vesicles.   In  terminating  these 

be  concluded  that  the  respiratory  chain  of  S^. 
iated  predominantly  with  the  plasma  membrane 
dore  and  Weinbach) 


4 .  Identification  of  bacterial  L  forms  and  mycoplasmas  by  poly- 
acrylamide  gel  electrophoresis. 

Although  Project  No.  NIAID  65B,  "Studies  on  the  identification 
of  bacterial  L  forms  and  mycoplasmas  by  polyacrylamide  gel 
electrophoresis,"  has  been  discontinued,  an  identification  service 
for  this  class  of  microorganisms  is  still  maintained.   In  collab- 
oration with  Dr.  J.  G.  Tully  (LID)  we  have  aided  in  the  identifi- 
cation and  taxonomic  classification  of  several  Mycoplasma  species 
of  caprine  origin;  also,  we  have  characterized  electrophoretically 
an  unusual  cell  wall  defective  organism  which  may  be  related  to 
Erysipelothrix  rhusiopathiae  (causative  agent  of  arthritis  in 
animals).  (Theodore,  Tully,  Pachas) 

5 .  Localization  of  degradative  enzymes. 

S.  aureus  ATCC  6538P  was  fractionated  into  plasma  membranes, 
mesosomal  vesicles,  cytoplasm,  periplasm,  and  culture  fluid,  and 
each  fraction  was  assayed  for  several  degradative  enzymes.   For 
this  summary  each  activity  will  be  assigned  to  the  particular 
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fraction  that  contained  the  highest  specific  activity:   alkaline 
phosphatase,  acid  phosphatase,  and  5'  nucleotidase  in  the  peri- 
plasm; ATPase  in  the  plasma  membrane;  protease  in  the  mesosomal 
vesicles;  nuclease  in  the  culture  fluid.   Cell  wall  lytic  activi 
and    esterase  activity  were  not  detected  in  any  fraction.   S . 
aureus  80/81  was  fractionated  in  a  similar  manner  after  penicill 
ase  induction;  this  enzyme  was  most  concentrated  in  the  mesosoma 
vesicles.   Ultrastructural  analysis  did  not  reveal  any  morpholog 
changes  associated  with  the  secretion  of  the  extracellular  fract 
of  penicillinase.   To  draw  meaningful  conclusions  from  this  type 
of  study,  the  protoplasts  must  be  intact  and  stable  during  the 
early  stages  of  fractionation.   Although  protoplast  stability  ha 
been  documented  in  the  past  by  electron  microscopy  and  turbonmet 
studies,  this  question  was  examined  in  more  detail  by  following 
the  release  of  two  intracellular  markers,  glucose-6-phosphate 
dehydrogenase  and  deoxyribonucleic  acid.   More  than  89°o  of  these 
markers  remained  in   the  protoplasts  during  routine  fractionatio 
this  data  further  documented  the  stability  of  these  protoplast 
preparations . 
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This  project  is  one  of  the  first  broad  surveys  of  degradative 
enzyme  activities  in  all  the  cell  fractions  of  S_.  aureus .   The 
results  indicate  that  the  mesosomal  vesicles  are  qualitatively 
similar  to  the  plasma  membranes  in  degradative  enzyme  content  and 
that  therefore  the  mesosome  plays  no  special  role  in  these  catabolic 
processes.   This  data  enable  us  to  exclude  one  postulated  function 
of  the  mesosome  in  bacteria,  i.  e.,  the  mesosome  functions  as  a 
lysosome-like  body.   Furthermore,  none  of  the  activities  studied 
were  suitable  as  membrane  markers  for  monitoring  purification. 
The  demonstration  of  significant  pools  of  alkaline  phosphatase, 
acid  phosphatase,  and  5 'nucleotidase  in  the  periplasmic  space  in 
S.  aureus  adds  to  a  growing  literature  investigating  the  metabolic 
Tmportance  of  the  periplasm.   The  surface  location  (plasma  membrane, 
periplasm)  of  these  various  enzymes  is  relevant  to  the  numerous 
studies  attempting  to  relate  virulence  to  extracellular  enzymes  in 
S.  aureus.  An  invading  organism  may  well  be  able  to  utilize  host 
Tissue  without  secreting  the  degradative  enzyme(s)  and  therefore 
in  vitro  assays  for  strictly  extracellular  activity  need  not 
necessarily  correlate  with  or  product  virulence. 
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The  studies  v\ith  alpha  toxin  are  the  first  to  demonstrate  an 
intracellular  pool  of  this  toxin.   This  information  should 
stimulate  further  research  into  the  cellular  metabolism  of  this 
important  toxin.   (Nugent,  Theodore,  and  Cole) 

6.   Isolation  of  DNA-membrane  complexes. 
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Significance  to  Bio-Medical  Research  and  the  Program  of  the 
Institute : 

Our  major  effort  has  been  directed  toward  determing  what  is 
the  function  (or  functions)  of  mesosomal  vesicles  in  S^.  aureus  as 
well  as  other  Gram  positive  bacteria.   Using  plasma  membranes  as 
a  basis  for  comparison,  our  approach  to  this  problem  has  been 
two-fold:   1)   analysis  of  functional  activities  purportedly 
associated  with  mesosomes;  2)   characterization  of  their  chemical 
composition.   At  present,  the  latter  approach  has  yielded  the  most 
definitive  information.   We  have  succeeded  in  localizing  lipo- 
teichoic  acid  almost  exclusively  in  the  mesosomal  vesicles.   This 
polymer,  which  has  been  positively  identified,  consisted  of  15  to 
201  of  the  dry  weight  of  the  mesosome  and  was  practically  absent 
from  all  other  cell  fractions  tested  (NIAID  62) .   Also,  the  lipo- 
teichoic  acid  has  been  found  to  be  associated  mainly  with  the 
mesosomes  of  six  other  Gram  positive  bacteria.   This  discovery  is 
of  great  importance,  since  up  to  now  the  lipoteichoic  acid  of 
non-wall  fractions  has  been  reported  only  in  the  plasma  mem.brane 
fraction  of  Gram  positive  bacteria.   It  has  been  proposed  that  the 
lipoteichoic  acid  functions  as  a  sequestering  agent  of  Mg"*"*"  which 
are  needed  in  high  concentrations  for  the  activation  of  enzymes 
involved  in  membrane  and  cell  wall  biosynthesis.   Also,  we  have 
shown   that  the  same  types,  but  increased  levels  of  lipids  are 
present  in  mesosomal  vesicles  which  suggests  that  these  organelles 
may  be  the  sites  of  membrane  biosynthesis.   Lastly,  it  has  been 
found  that  penicillinase  activity  of  a  penicillin  resistant  strain 
of  5.  aureus  is  associated  with  mesosomes.   Although  significant 
difTerences  in  the  distributions  of  degradative  enzymes  between 
membrane  and  mesosome  was   not  found.   If  one  takes  into  account 
all  of  these  functional  activities  and  associates  them  with  a 
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specific  organelle,  the  mesosome  would  be  the  most  likely  candidate, 
since,  these  organelles  arise  from  the  membranous  septum  and 
precede  the  formation  of  crosswall.   Hence,  mesosomes  would  appear 
to  play  not  only  a  vital  role  in  membrane  and  cell  wall  biosyn- 
thesis, but  also  as  a  protective  site  against  antibiotic  attack. 

Proposed  Course  of  Project: 

We  hope  to  pursue  the  following  lines  of  investigation: 

1.  The  complete  chemical  analysis  of  lipoteichoic  acid  and  the 
localization  and  assay  of  the  enzymes  involved  in  the  biosynthesis 
of  this  polymer.   The  participation  of  mesosomal  vesicles  and 
plasma  membranes  and  the  distribution  of  enzymes  pertaining  to 
membrane  and  cell  wall  biosynthesis  of  Gram  positive  bacteria. 

2.  Determination  of  serological  activities  of  glycolipids  and 
lipoteichoic  acid  isolated  from  Staphylococcus  aureus . 

3.  Attempts  at  the  histochemical  localization  of  lipoteichoic 
acid  in  Gram  positive  bacteria. 

4.  Amino  acid  analysis  of  mesosomal  vesicles  and  plasma  membranes. 
Honors  and  Av;ard?: 

Representative  of  NIAID  to  Interassembly  of  Scientists  Council. 

Publications : 

Theodore,  T.  S.,  and  Panos,  C:   Protein  and  fatty  acid 
composition  of  mesosomal  vesicles  and  plasma  membranes  of  Staphylo- 
coccus aureus .   J.  Bacteriol.  116:  571-576,  1973. 

Tully,  J.  G,,  M.F.  Barile,  D.  G.  ff  Edwards,  T.  S.  Theodore, 
and  H.  Ern(^:   Characterization  of  some  caprine  mycoplasmas,  with 
proposals  for  new  species.  Mycoplasma  capricolum  and  Mycoplasma 
putrefaciens .   J.  Gen.  Micropiol.  (In  press) 

Theodore,  T.  S.,  and  Weinbach,  E.  C:   Respiratory  activities 
associated  with  mesosomal  vesicles  and  protoplast  membranes  of 
Staphylococcus  aureus .   J.  Bacteriol.  (In  press) 
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Project  Description: 

Objectives : 

To  effect  the  isolation,  purification,  and  characterization 
of  the  type-specific  M  protein  antigen  from  the  difficultly  typable 
strain  of  Streptococcus  pyogenes ,  type  4,  whose  frequency  of 
identification  as  the  etiologic  agent  in  cases  of  human  strepto- 
coccal disease  is  relatively  and  significantly  high. 

Methods  Employed: 

Standard  methods  of  bacteriology,  metabolism,  and  biochemistry. 
Special  methods,  as  required,  include  a  variety  of  immunological 
procedures;  radioactivity   techniques;  spectrophotometry;  electro- 
phoresis; chromatography;  and  ultracentrifugal  gradient  separations. 
Specifically,  the  following  methods  for  isolation  of  M  protein 
were  developed: 
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Streptococcus  pyogenes .  M-type  4  (strain  CDC 
were  grown  3-4  hrs  under  9  5''o  N2  +  5%  CO  2  at  37  Cw 
moderate  stirring  and  automatic  pH  control  at  7.4 
strength  Todd-Hewitt  broth  at  1%  glucose  and  cyste 
0.0014  M.  Cells  were  washed  3  times  with  phosphat 
saline  (PBS),  pH  7.0  and  extracted  with  molar  LiCl 
acetate  buffer  at  pH  4.4  for  48  hrs  at  37  C.  The 
was  positive  for  M  protein  with  CDC  type  4  antise 
ing  vacuum  dialysis,  the  concentrated  retentate  wa 
vs.  acetate  buffer  at  pH  4.7.  A  precipitate  forme 
all  but  traces  of  the  M  reactive  material.  GIOO-S 
filtration  at  pH  7.0  separated  the  active  fraction 
subsequently  precipitated  with  60%  ammonium  sulfat 
graphy  on  a  Cellex  ion-exchange  column  at  pH  4.83 
reactive  material  only  in  the  void  volume  with  0.0 
eluant.  Freezing  and  thawing  at  pH  4.83  precipita 
material,  now  labelled  "A"  and  available  for  tests 
below. 
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The  LiCl  ultraf iltrate  from  vacuum  d^ialysis  was  601  ammonium 
sulfate  precipitated  and  the  flocculent  material  was  redissolved 
in  phosphate  buffer  at  pH  7.0  to  give  a  strong  positive  reaction 
vs.  M  antiserum.   The  M-reacting  solution  was  dialyzed  vs.  0.01  M 
acetate  buffer,  pH  4.55  and  chromatographed  on  to  a  CM-Sephadex 
column.   Following  gradient  elution,  a  peak  of  activity  appeared 
when  the  resistance  was  lowered  to  ca.  200r  and  the  pH  had  risen 
from  4.55  to  ca.  6.0.   For  tests  this  material  is  designated  "B" . 

Major  Findings: 

Tests  and  results: 

1.  Preliminary  opacity  tests  by  the  tube  method  of  Widdowson 
et  al  were  strongly  positive  for  culture  broth  supernatants 
but  equivocal  for  the  final  fractions  "A"  and  "B".   The  agar 
slide  m.ethod  gave  dubiously  replicable  results. 

2.  Ouchterlony  plates  using  the  CDC  specific  antiserum  vs  "A" 
produced  5  lines  at  the  highest  concentration  employed.   "B" 
gave  2  lines,  one  of  which  was  continuous  with  one  of  the  5  in 
"A". 


T 


3.  0.01  ml  of  each  "A"  and  "B"  failed  by  the  Bendisch  fluorescent 
chromatographic  test  to  give  any  evidence  of  nucleic  acid  bases 

at  levels  of  at  least  0.025  yg  of  either  guanine  or  xanthine.   The 
size  of  sample  may  well  be  limiting. 

4.  Subjection  of  "A"  and  "B"  to  alkaline  acrylamide  gel  electro- 
phoresis resolved  7  distinct  lines  for  "A"  and  13  components  for 
"B"  for  the  amounts  analyzed.   Acid  gel  electrophoresis  revealed 
no  lines  for  "A"  and  at  least  one  for  "B". 
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Conclusions  from  these  experiments  include: 

1.  LiCl  extraction  of  streptococcal  cells  releases  at  least  5 
materials  reactive  with  the  CDC  "M"  specific  antiserum. 

2.  At  least  two  extractable  reactive  components  are  dialyzable 
under  vacuum  dialysis  and  one  or  more  are  dialyzable  under  passive 
conditions . 


^l 


3.  More  protein-staining  materials  than  appear  to  be  precipitable 
by  the  antiserum  are  separable  on  acrylamide  alkaline  gel  through 
electrophoresis;  at  least  one  dialyzable  component  bears  a  strong 
basic  character  as  revealed  by  electrophoresing  on  acid  gel. 

4.  Which  of  the  antiserum-precipitable  components  is  the  "M" 
protein  of  virulence-factor  capacity  is  not  known  but  could  be 
determined.   How  the  electrophoretic  components  relate  to  the 
antiserum  precipitable  ones  is  also  unknown.  It  appears  probable 
that  the  opacity  factor  may  be  separable  from  at  least  some  of 
those  components  that  react  with  the  antiserum. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the 
Institute : 


Currently  there  are  known  at  leas 
Streptococcus  pyogenes ,  each  character 


immunogenically  distinguishable  surfac 
protein.   As  McCarty  has  observed,  not 
necessary  for  the  virulence  of  these  o 
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disease."   Lacking  adequate  knowledge 
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bio-medical  research  by  realizing  the 
Since  type  4  Group  A  streptococci  are 
etiologic  agents  in  cases  of  human  dis 
purification  and  characterization  of  i 
its  inclusion  in  a  polyvalant  vaccine 
efficacy.   Such  a  result  will  help  to 
Institute,  and  its   interest  in  strept 
emphasis  area. 

Proposed  Course  of  Project: 
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Successful  prosecution  of  the  project  to  isolate  and  charac- 
terize the  "M"  protein  of  type  4  Streptococcus  at  this  juncture 
calls  for  large  scale  production  of  cells ,  LiCl  extraction 
followed  by  either  the  ammonium  sulfate  precipitation  of  active 
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components  or  vacuum  dialysis  and  concentration  of  the  extract 
with  salt  precipitation  of  the  dialysate,  and  use  of  preparative 
acid  and  alkaline  acrylamide  gel  electrophoresis  of  the  products 
to  separate  further  the  components.   The   isolated  and  concentrated 
fractions  should  then  be  subjected  to  all  the  definitive  tests  to 
establish  any  final   product  as  the  physiochemically  pure  and 
biologically  active   "M"  protein. 

Honors  and  Awards: 


At  the  forthcoming  meeting  of  the  ASM  in  Chicago,  a  symposium 
on,  "Roles  of  Iron  in  Host-Parasite  Interactions,"  is  to  be 
dedicated  to  me  and  my  assistant  of  many  years  ago  for  opening  up 
and  carrying  on  a  field  of  research  of  obvious  interest  to 
Medical  Microbiology.   I  have  prepared  a  short  original  paper  as 
my  acknowledgement  of  this  honor. 

Publications : 

None 
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Project  Descri 

ption 

: 

Objectives: 

Isolation,  purification  and  characterization  of  serologically  active 
glycolipids  from  plants  and  brain  tissue  that  cross  react  with  rabbit  and 
human  antiserum  to  Mycoplasma  pneumoniae,  as  homogeneous  substances  for  use 
in  immunogenic  studies. 

Methods: 


1: 


Fractionation  methods   used  for  the  isolation  and  purification  of  the 
plant  lipids   into  individually  serologically  active  molecular  structures  was 
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achieved  by  separation  with  various  mixtures  of  organic  solvents  by  methods 
previously  described   (64C  1972). 

New  methods   for  brain   lipid  antigens  were  as   follows:     Human  brain 
tissue  obtained  at  autopsy  washed  with  water  to  remove  blood  was  homogenized 
in  chloroform-methanol    (CM)    (2:1   v/v)    10  ml/g.   of  tissue.     Held  at  room 
temperature  overnight  and  filtered  through  a  No.   50  Whatman  paper  on  a 
Buchner  funnel  and  freed  from  water  soluble  substances  by  solvent  partition 
with  O.IM  K  CI   in  water.     The  chloroform  layer  was  concentrated  in  vacuo 
under  nitrogen.     Preliminary  separation  of  cerebrosides  was  carried  out  by 
column  chromatography  on  alumina  and  eluted  successively  with   (1)   CM  (19:1 
v/v).    (2)   CM  (1:1    v/v);    (3)   CM-H2O   (7:7:1);  and  (4)   Ethanol -chloroform- 
water   (5:2:2).     The  fractions  were  analyzed  for  carbohydrate   to  determine 
which  fraction  contained  the  glycolipids    (cerebrosides).     Fraction   3  contained 
almost  all   the  cerebroside  present  in  the  original   lipid  extract.     The  cere- 
broside  was  determined  by  analysis  for  combined  galactose.     Further  treatment 
of  this  fraction  was  carried  out  by  thin  layer  chromatography  with  slightly 
modified  procedures  of  those  already  described   (64D)   1974. 

Major  Findings: 

Plant:     Galactose-rich  glycolipids  appear  to  have  a  wide  distribution 
in  plant  materials  as  shown  in  our  previous  studies   (64C  1972).     These  com- 
pounds were  shown  to  cross-react  with  antibodies  to  Mycoplasma  pneumoniae 
in  the  complement-fixation  test.     Mild  alkaline  Hydrolysis  of  an  active 
lipid  hapten   (isolated  from  carrot) with  O.IM  KOH  in  methanol   gave  the 
following  components,   galactose-fatty  acid  ester-glycerol   in  a  ratio  of 
2.01:2.00:1:00.     Since  this  ratio  is   found  with  commercially  purified  spinach 
digalactosyl   diglyceride,   the  molecular  composition  of  the  serologically 
active  carrot  glycolipid  seems  to  be  structurally  related  to  the  widespread 
antigenic  lipid  digalactosyl   diglyceride  present  in  numerous  plant  substances. 
In  addition,  enzymic  hydrolysis  with  galactostat  degraded  the  intact  glyco- 
lipid structure  and  thin-layer  and  paper  chromatography  of  the  products  indi- 
cated that  the  active  carrot  glycolipid  hapten  has   the  structure  of  a  digala- 
ctosyl  diglyceride.     Analytical   analysis  of  the  purified  serologically  active 
lipid  hapten  showed  the  following  concentrations  of  the  components;   37% 
galactose;  9.5%  glycerol;  64.0%  fatty  acid  methyl   esters.     The  analysis  also 
suggests  high  concentrations  of  dienoic  and  trienoic  acids  coupled  by  ether 
linkages.     The  water  soluble  deacylation  product  of  the  hapten  and  the  hex- 
ane  soluble  fatty  acids  were  without  activity  when  tested  by  complement 
fixation  with  M.   pneumonia  an ti sera.     Confirmation  of  the  linkages  between 
the  units  in  the  lipid  hapten  provided  evidence  as  to  the  relative  position 
of  the  carbohydrate  components  and  fatty  acid  molecules.     The  molar  ratios 
were  calculated  for  a  digalactosyl   diglyceride  with  linoleic  acid  as  the 
fatty  acid,  CsjHg^O-jg  with  a  molecular  weight  of  946. 
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Brain:     At  the  same   time   that  the  work  on  the  plant  glycolipids  was 
in  progress,   studies  were  also  being  carried  out  on  the  isolation  and 
characterization  of  lipid  haptens   from  human  brain   tissue  since  it  has   been 
shown  that  extracts  of  brain  tissue  react  with  antibodies  to  Mycoplasma 
pneumoniae  in   the  complement-fixation  test. 


The  crude  brain  lipid  extracts  showed  a  li 
similar  to  one  present  in  M.  pneumoniae  and  plant 
ninhydrin-free  and  had  the  staining  properties  of 
Schiff  reagent  on  thin  layer  plates.  The  purified 
layer  chroma tograms  was  homogeneous.  Analytical  a 
to  contain  galactose,  glycerol  and  fatty  acid  este 
1.00:1:00:2.08.  Preliminary  evidence  suggests  tha 
material  is  a  galactosyl diglyceride.  Mild  hydroly 
periodate  treatment  of  the  lipid  hapten  destroys  i 
activity,  indicating  that  the  activity  may  be  rela 
determinant  (galactose)  and  thus  to  the  stereospec 
configuration  of  the  hapten. 
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nalysis  showed  the  compound 
r  in  a  molar  ratio  of 
t  the  serologically  active 
sis,   hydrogenation  or 
ts  complement-fixation 
ted  to  the  antigenic 
ificity  of  the  molecular 


Significance  to  Biomedical   Research  and  the  Program  of  the  Institute: 

Brain:     In  certain  individuals  with  Mycoplasma  pneumoniae  infections, 
there  develop  neurological   complications.     The  possibility  exists  that  certain 
lipids  with  antigenic  activity  similar  to  the  active  lipid  of  M.   pneumoniae 
or  plant  materials  may  be  present  in  the  host  and  thus  may  be  a  factor  in  the 
cause  of  the  neurologic  phenomena.     At  present  not  much  is  known  about  the 
possibility  of  a  pathogenic  role  of  M.   pneumoniae-induced  antibodies  reacting 
with  brain  or  other  tissue  antigens.     However,  possibilities  should  be  con- 
sidered that  within  the  large  number  of  cross-reacting  antibodies  there  may 
exist  antibodies  with  cytotoxic  activity  that  could  damage  brain,  nerve  or 
other  tissues. 

Lipid  antigens  in  brain  tissue  that  cross  react  with  M.  pneumoniae 
antibodies  in  the  CF  test  contains  an  antigenic  determinant  similar  to  a 
lipid  antigen  of  M.   pneumoniae.     The  result  of  our  studies  demonstrate  that 
there  may  be  a  wide  distribution  of  lipid  antigens   that  cross  react  witn 
M.   pneumoniae  antibodies  among  other  tissues   (lung). 

Proposed  Course  of  Project: 

An  intensive  study  is  in  progress  to  isolate,  purify  an i  determine  the 
molecular  configuration  of  additional   serologically  active  glycolipids 
in  plant  materials  and  tissue  sources  that  cross  react  with  M.   pneumoniae 
antisera.     Attempts  to  produce  an  immunogenic  product  with  the'^e  glycolipid 
haptens  for  use  as  a  potential   vaccine  and  immunological   studies  will   be 
intensified. 
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Honors  and  Awards: 

Consultant  to  NIH  Library  on  purchases  of  certain  chemical  journals. 

Consultant  to  Vaccine  Development  Committee,  Infectious  Diseases 
Branch,  Collaborative  Research  Division. 

Publications: 

Barden,  J. A.,  and  Prescott,  B.:  Chemical  and  serologic  properties 
of  Mycoplasma  hyorhinis  fractions.  Infection  and  Immunity  7:  937-940,  1973. 

Greenberg,  H.,  Prescott,  B.,  Brunner,  H.,  James  W.,  and  Chanock,  R.M.: 
Sharing  of  glycolipid  antigenic  determinants  of  Mycoplasma  pneumoniae. 
Vegetables  and  certain  bacteria.  Monograph  of  Workshop  on  New  Approaches  for 
Inducing  Natural  Immunity  to  Pyrogenic  Organisms.  (In  press) 

Prescott,  B.,  King,  M.L.,  Caldes,  G.,  Li,  C.P.,  Young,  A.M.: 
Characterization  of  an  antitumor  substance  from  clam  (Mercenaria  mercenaria) 
liver.  Int.  J.  Clin.  Pharmacol.  9:  1-5,  1974. 
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Project  Description: 

Objectives: 

The  isolation,  purification,  and  characterization  of  serologically- 
active  glycolipids  from  Streptococcus  pyogenes  64x392   (serogroup  A)  and 
Streptococcus  faecium  F24-L   (serogroup  D);  and  studies  on  the  cross-reacti- 
vity of  these  derivatives  with  streptococci   and  other  organisms. 

Methods  Employed: 

The  isolation  and  column  chromatography  procedures  were  essentially 
the  same  as  previously  described   (64C,   1969-70)  with  the  exception  of  one 
new  solvent  system  capable  of  separating  the  phosphoglycolipids  from  other 
phospholipids.     The  existence  of  more  than  one  serologically  active  glyco- 
lipid  in  Groups  A  and  D  streptococci  was  demonstrated  in  our  previous 
studies   (64D,  1972).     By  means  of  preparative  thin-layer  chromatography  of 
the  carbohydrate-rich  CM  7:3  fraction  from  DEAE-cellulose,   5  subfractions 
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consisting  predominantly  of  one  major  and  two  minor  antigenic  glycolipids 
and  two  inactive  fractions  were  isolated.  A  lack  of  knowledge  about  the 
chemical  nature  of  the  two  minor  antigenic  lipid  haptens  in  streptococci 
turned  our  investigations  to  the  isolation,  purification  and  characterization 
of  these  compounds.  One  of  the  serologically  active  lipids  was  found  to 
contain  phosphorus.  Most  of  our  studies  reported  here  were  carried  out 
with  this  fraction  because  of  the  higher  yields. 


H 
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Column  Chromatography: 

Lipid  extraction  of  Groups  A  and  D  streptococci  was  carried  out 
with  a  mixture  of  chloroform-methanol -acetic  acid-water  for  18  hours  at 
room  temperature.     The  lipid  extracts  were  filtered  and  the  filtrates  freed 
of  non-lipid  contaminants  with  0.1  M  potassium  chloride.     Fractionation  of 
the  crude  extracts  was  carried  out  on  columns  of  DEAE-cellulose  followed  by 
rechromatography  of  CM  7:3  carbohydrate-rich  lipid  fraction  on  silicic  acid 
with  chloroform,  acetone,  and  chloroform-methanol    (1:1).     The  serologically 
active  lipid  hapten(s)  was  purified  and  concentrated  in  the  acetone  fraction. 

Thin-layer  chromatography: 

The  following  methods  were  used  to  establish  identity  and  homogeneity: 
Thin  layer   (500y)  Silica  gel   G  glass  plates   (20x20cm)  with  1%  sodium  borate 
were  activated  at  110°  C  for  30  minutes  prior  to  two-dimensional   development 
first  in  chloroform-methanol -acetic  acid-water  (170:25:25:6)  and  then  in 
chloroform  methanol   -  7N  -  NHOH  (65:30:4).     Plates  were  dried  between  the 
solvent  developments  with  nitrogen  at  room  temperature  for  30  minutes   to 
minimize  lipid  degradation.     The  chromatograms  were  dried  in  an  oven  at 
80°  C  for  one  hour  cooled  and  sprayed  with  the  molybdate  reagent  of  Dittmer 
and  Lester  for  phospholipids  and  with  periodate-Schiff  reagent  for  vicinal 
hydroxyl   groups.     Pooling  of  lipids  from  unstained  plates  was  necessary  for 
the  assay  of  the  different  lipids.     Neutral    lipids  were  further  resolved  by 
one-dimensional   thin-layer  chromatography  in  chloroform-methanol -water 
(65:25:4)  and  thereafter  proved  to  be  homogenous.     Identification  of  the 
minor  antigenic  lipid  haptens  was  carried  out  by  acid  and  alkaline  hydro- 
lysis. 

Analytical  procedures: 

The  analytical  methods  were  essentially  the  same  as  previously  des- 
cribed 64D  (1969-72).  Deacylation  of  the  phosphoglycolipids  was  performed 
by  shaking  a  sample  (4ml)  of  the  material  with  0.4M  methanol ic  KOH  (1ml)  for 
15  minutes.  Dowex  (50H''')  and  water  (4ml)  added,  shaken  and  filtered  through 
a  sintered  glass  funnel  and  filtrate  neutralized.  The  water  phase  was  evap- 
orated to  dryness  and  the  chloroform  phase  washed  with  water  in  a  separatory 
funnel,  dried  in  vacuo  and  used  for  analysis  of  fatty  acids. 

Major  Findings: 

The  complex  lipid  extracts  from  streptococci  were  purified  by  column 
chromatography  in  combination  with  thin-layer  chromatography.  The  purified 

phosphoglycolipids  isolated  from  Group  A  and  D  streptococci  were 
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1   and  contained  d-glucose,   glycerol,  fatty  acid 
lar  ratio  of  2:2:2:1.     These  compounds  showed 
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ester  bonds. 
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Strong  alkaline  hydrolysis   (N-NaOH  at  100°C  for  3  hours)  completely 
splits   the  compound  into  glycerophosphate  and  a  phosphate-free,  carbohydrate- 
containing  compound.     The  phosphate-free  compound  showed  glucose  and  glycerol 
in  molar  proportions  of  2:00:1.00.     This  compound  had  an  optical   rotation 
(   a20°   )  of  62.5°  and  was  hydrolyzed  by  glucostat  (  g -glucosidase) .     The 
phosphorus  containing  compound  extracted  from  the  strong  alkaline  hydrolysate 
was  identified  by  chromatography  and  analysis  as  glycerophosphate   (glycerol, 
P-vicinal   hydroxyls)   1.00:1:00:0.96  respectively.     Oxidation  of  the  intact 
lipid  with  periodate  in  chloroform-ethanol -water  (2:3.5:1,5)  produced  no 
formaldehyde,   suggesting  that  the  glycerols  contain  fatty  acids  in  the  mole- 
cule.    The  molecular  composition  of  the  serologically  polar  antigenic  phos- 
phoglycolipid  isolated  from  streptococcal   groups  A  and  D  shows  the  composition, 
chromotographic  properties  and  behavior  on  alkaline  hydrolysis  to  be  that  of 
a   glyceryl   phosphoryl   diglucosyl   diglyceride. 

Reaggregation: 

Continued  studies  with  rabbit  sera  of  reaggregates  of  streptococcal 
glycolipids  and  A.    laidlawii   membrane  proteins  showed  that  sera  from  the 
second  and  third  bleedings  of  rabbits   immunized  with  the  reaggregate  gave 
high  titers  in  the  complement  fixation  test  with  the  reaggregate  glycolipid 
and  whole  cell    vaccine   (64D,   1972-73). 

During  collaborative  studies  with  Drs.  Nash  and  Neva  of  the  Laboratory 
of  Parasitology  on  the  isolation  of  a  circulating  antigen  of  Schistosoma 
mansoni ,   the  lipids  of  the  worms  were  also  studied  for  their  potential   anti- 
genic activity.     In  preliminary  experiments,   it  was  observed  that  there  are 
glycolipids   present  in   the  worms  which  cross   react  with  rabbit  hyperimmune 
streptococcal   antisera   (Groups  A  and  D)   by  complement-fixation;  and  that  the 
streptococcal   glycolipids  cross-react  with  rabbit  anti-schistosome)  sera. 
Thus,   there  seems   to  be  an  antigenic  identity  between  haptens  of  the  glyco- 
lipids of  streptococci   groups  A  and  D  and  of  schistosomes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  phosphoglycolipids  isolated  from  groups  A  and  D  streptococci   rep- 
resent a  new  class  of  glycolipids  that  possess  serological   activity  in 
complement-fixation  tests.     Chemical   and  physical  methods  have  been  employed 
that  facilitate  purification  and  concentration  of  this  active  material. 
Streptococci   represent  a  potential   source  of  phosphoglycolipids  which,  when 
purified,   prove  to  be  valuable  in  the  characterization  of  the    active  lipid 
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hapten.  Analytical  studies  showed  the  structure  of  the  compound  to  be  a 
glyceryl  phosphoryl  diglucosyl  diglyceride.  These  antigenic  compounds  are 
very  useful  in  studies  on  the  relationship  between  structure  and  biological 
activity,  and  in  the  preparation  of  modified  and  synthetic  antigens  by 
reaggregation  with  membrane  and  other  proteins  which  do  not  affect  the  anti- 
genic activity  but  increase  immunogenicity. 

Proposed  Course  of  Project: 

Emphasis  will  be  given  to  current  concepts  regarding  chemical,  physical, 
and  biological  properties  of  the  lipid  haptens.  Further  studies  will  be 
directed  toward  the  preparation  of  additional  reaggregates.  It  may  be  possible 
to  reaggregate  the  lipid  haptens  with  materials  like  toxoids,  thus  introducing 
bifunctional  characteristics  in  the  protein  component  of  the  reaggregate. 
Properties  of  new  derivatives  of  this  type  may  enhance  the  possibility  of 
locating  the  active  sites  in  the  reaggregate. 

Honors  and  Awards: 

Continuing  membership: 

Toxicology  Information  Program  (TIP)  at  the  National  Library  of  Medicine. 
On  roster  of  Authorities  in  Specialized  Subtopics  in  Toxicology. 

Consultant  to  Inventions  Office,  DHEW. 

Publications: 

Caldes,  G.,  and  Prescott,  B.:  A  comparative  study  of  certain  aniline 
salts  used  in  the  determination  of  carbohydrates  by  spot  elution  chromatography. 
J.  Chromatography  84:  220-223,  1973. 

Nash,  T.  E.,  Prescott,  B.,  and  Neva,  F.  A.:  The  characteristics  of  a 
circulating  antigen  in  Schistosomiasis.  J.  Immunol .  112:  1500-1507,  1974. 

Feinman,  S.  Birnbaum,  Prescott,  B.,  and  Cole,  R.  M.:  Serological  reactions 
of  glycolipids  from  streptococcal  L  forms.  Infection  and  Immunity  8:  752-756, 
1973. 
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See  1973  Annual  Report. 
Project  has  been  terminated, 
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Previous  Serial  Number:   Same 

Principal  Investigator:   H.  F.  Hasenclever 

Other  Investigators:   None 

Cooperating  Units:   None 


Man  Years : 


NIAID       Other  NIH 
Lab.  Staff  Personnel 

Assigned 
to  Project 


Guest    TOTAL 
Workers 


Total 

Professional 

Other 


Project  Description: 

See  1973  Annual  Report. 
Project  has  been  terminated. 
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Serial  No.  NIAID  79C-1 

1 .  Microbiology 

2.  Medical  Mycology 

3.  Bethesda,  Md. 


PHS-NIH 
Individual   Project  Report 
July  1,   1973  through  June   30,    1974 


Project  Title:     Ecologic  and  Aerobiologic  studies  of  Histoplasma  capsulatum 

Previous  Serial   Number:     Same 

Principal    Investigator:     H.F.   Hasenclever 

Other  Investigators:     None 


Cooperating  Uni 

ts: 

None 

Man  Years: 

NIAID 
Lab.  Staff 

Other  NIH 
Personnel 
Assigned 
to  Project 

Guest 
Workers 

TOTAL 

Total 

5/12 

- 

- 

5/12 

Professional 

4/12 

- 

- 

4/12 

Other 

1/12 

- 

- 

1/12 

Project  Description: 

Objectives: 

To  study  the  factors   that  contribute  to  the  presence  or  absence  of 
Histoplasma  capsulatum  in  the  soil . 

Methods  Employed: 

The  site  under  study,  where  H.   capsulatum  is  known  to  have  been 
present  for  years,   is  a  farm  bat  roost  at  Clarksburg,  Md.     The  other  site, 
studied  under  this  project  for  the  past  six  years  at  7th  St.  and  Penn.  Ave., 
can  no  longer  be  investigated  because  of  construction  of  the  subway  system. 

Soil   samples  are  collected  at  intervals  and  the  presence  or  absence  of 
the  fungus  is  determined  by  mouse  inoculation. 
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Major  Findings: 

Although  no  collections   of  soil   were  made  at  7th  St.   and  Penn.  Ave., 
the  percentages  of  positive  isolations  were  compared  from  1967-1972.     These 
ranged   from  2.5%  to  9%.     A  similar  comparison  was  made  at  Clarksburg.     The 
percentage  of  positives  from  soil   samples  collected  randomly  over  the  site 
from  1968-1973  ranged  from  4-8%.      In  a  small   area   that  in   1969  was  found   to 
be  strongly  positive   (48%),    1972   (13%),   and   1973  (4%). 


At  the  site  in  CI 
to  0.5  sq.  m.  that  had  no 
1.0  sq.  m.  that  had  been 
divided  into  six  applicat 
ed  from  the  fungus  seeded 
positive,  ten  months  late 
from  the  seeded  fertilize 
seven  months  6/8  positive 
2/6  positive.  Collection 
locations  are  now  being  p 


arksburg  a  soil   culture  of  H.   capsulatum  was  added 
t  been  previously  fertilized  with  bat  guano  and  to 
fertilized  with  approximately  1   kg  of  bat  guano 
ions  over  a  three  year  period.     Soil   samples  collect- 
but  unfertilized  area   five  months   later  were  4/4 
r  0/4,  and  eleven  months  0/4.     Samples  collected 
d  area  six  weeks  after  seeding  were  10/12  positive, 
,   twelve  months   2/6  positive,   and  thirteen  months 
s  made  eighteen  months  after  seeding  from  both 
rocessed. 


Results  from  this  project  indicate  that  for  a  period  of  approximately 
five  years  after  the  natural   fertilization  of  soil   by  birds  or  bats,  coloni- 
zation of  the  site  by  H.   capsulatum  is  heavy  but  then  diminishes  and  the 
soil   samples  remain  from  2.5-9%  positive  for  at  least  another  five  years. 

Significance  to  Biomedical   Research  and  the  Program  of  the  Institute: 

Information  on  the  longevity  and  factors  contributing  to  the  contin- 
ued existence  of  H.   capsulatum  in  its  natural   state  is  being  accumulated. 
This  may  eventually  permit  the  development  of  a  rational   biological   control 
of  the  fungus  in  nature. 

Proposed  Course  of  Project: 

To  be  terminated  because  of  disestablishment  of  the  Laboratory  of 

Microbiology. 

Honors  and  Awards: 

None 

Publications:  -      • 

Hasenclever,  H.F.,  and  Piggott,  W.R.:     Colonization  of  soil   by 
Histoplasma  capsulatum:    I.     Factors  affecting  its  continuity  in  a  given  site. 
Health  Laboratory  Science   (In  press) 
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Serial   No.     NIAID  79D 

1.  Microbiology 

2.  Medical   Mycology 

3.  Bethesda,  Md. 

PHS-NIH 
Individual   Project  Report 
July  1,   1973  through  June   30,    1974 

Project  Title:      Immunochemical   Studies  on  Polysaccharides  from  Fungi 

Previous   Serial   Number:      Same 

Principal   Investigator:     H.F.   Hasenclever 

Other  Investigators:      Errol   Reiss 

Cooperating  Units:     John  Ellsworth,   Guest  Worker,   George  Washington 

University 


Man   Years: 


NIAID 
Lab.  Staff 


Other 

Guest 

Personnel 

Workers 

Assigned 

to  Project 

TOTAL 


Total 

Professional 

Other 


27/12 
16/12 
11/12 


2/12 


27/12 
18/12 
11/12 


Project  Description: 


Objectives: 

To  study   (1)  antigenic  relationships  within  or  among  species  of 
yeasts;  and  (2)   the  molecular  structure,   serologic  and  immunobiologic 
properties,  and  the  haptenic  groups  of  polysaccharides  or  other  antigens 
isolated  from  yeasts  and  fungi. 

Methods   Employed: 

The  serologically  reactive  substances  are  extracted  by  carefully 
controlled  methods  from  fungal   cells  or  isolated  from  the  culture  media  in 
which  the  fungi  were  grown.     Serologic  similarity  or  diversity  are  shown  by 
agglutination,   immunodiffusion,   or  quantitative  precipitation.      Biologic 
activity  is  shown  by  injection  in  hypersensitive  animals.     The  monosaccharide 
content  of  polysaccharides  is  determined  by  gas  chromatography.     Antisera  for 
serologic  studies  are  prepared  by  injection  of  rabbits  with  fungal  cells. 
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Major  Findings: 


Studies  comparing  the  serologic  relationship  of  serotypes  A,  B,  and 
C  of  Saccharomyces  telluris  with  Candida  albicans  antigenic  Groups  A  and  B 
and  S^.  cerevisiae  by  agglutination  and  iminunodiffusion  have  been  conducted. 
Results  indicate  that  S^.  telluris  serotype  A  and  C^.  albicans  Group  A  are 
the  most  closely  related.  Although  as  shown  by  agglutination,  the  serotypes 
of  S^.  telluris  share  a  common  serologic  activity  not  found  in  C^.  albicans 
A,  the  mannans  from  S^.  telluris  A  and  C.  albicans  A  share  common  major 
hapten! c  groups  not  present  in  mannans  of  the  other  two  serotypes  of  S. 
telluris  or  C_.  albicans  A  and  B  and  S^.  cerevisiae  share  serologic  properties 
not  found  in  any  of  the  serotypes  of  S_.  telluris.  Agglutination  appears  to 
be  more  sensitive  in  showing  minor  antigenic  differences  among  the  yeasts 
studied  than  using  mannans  in  immunodiffusion  tests. 

A  galactomannan-glycoprotein  complex  extracted  from  defatted  mycelium 
of  Histoplasma  capsulatum  has  been  further  characterized.  The  polysaccharide 
and  the  glycoprotein  were  separated  by  DEAE  cellulose  chromatogrpahy.  The 
galactomannan  formed  a  single  precipitin  band  by  immunodiffusion  and  did  not 
elicit  a  skin  test  in  hypersensitive  guinea  pigs,  but  10  ug  resulted  in  80% 
inhibition  of  macrophage  migration.  The  glycoprotein  produced  a  delayed 
hypersnesitivi ty  reaction  in  sensitized  guinea  pigs,  and  5  ug  resulted  in 
86%  inhibition  of  macrophage  migration. 

A  cytoplasmic  protein  has  been  isolated  from  mechanically  disrupted 
yeast  cells  of  C^.  albicans  that  reacts  in  Immunoelectrophoresis  with  sera 
from  infected  rabbits  and  patients  with  chronic  candidiasis.  This  protein 
elicits  delayed  hypersensitivity  in  sensitized  guinea  pigs  and  contains  no 
detectable  mannan. 


A  soluble  peptidogl 
been  extracted  from  cell  wa 
the  cells  walls  has  been  ch 
acids  of  the  PGM  have  been 
material.  The  glucomannan 
The  sMG  has  a  glucose  to  ma 
residue  contains  11%  mannos 
albicans  yeast  cells.  The 
is  observed  by  immunodiffus 
PGM,  sMG,  and  iMG  all  speci 


ucomannan  (PGM)  and  a  mannoglucan  (sMG)  have 
lis  of  ^.  albicans.  The  insoluble  residue  of 
laracterized  as  a  mannoglucan  (iMG).  The  amino 
identified  and  constitute  7.3%  of  the  total 
of  the  PGM  has  a  glucose  to  mannose  ratio  of  2:3. 
nnose  ratio  of  6:1.  The  insoluble  mannoglucan 
e  and  is  agglutinated  by  antiserum  to  whole  C^. 
antigenic  group  difference  of  C.  albicans  A  and  B 
ion  with  both  the  mannan  content  of  each.  The 
fically  inhibit  the  migration  of  machrophages. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  results  are  showing  the  serologic  relationships  chat  exist  among 
pathogenic  and  nonpathogenic  yeasts  and  are  defining  antigens  that  provoke 
antibody  responses  and  induce  delayed  hypersensitivity  in  some  fjngal  disease. 
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Proposed  Course  of  Project: 

To  be  terminated  because  of  disestablishment  of  the  Laboratory  of 
Microbiology. 

Honors  and  Awards: 

Chairman,   Standards  and  Examining  Committee  for  Certification  in 
Medical   Mycology,  American  Board  of  Medical   Microbiology. 

Publications: 


Reiss,   E.,  Mitchell,   W.O.,   and  Hasenclever,   H.F.:      Isolation  and 
fractionation  of  an  antigenic  galactomannan-protein  complex  from  whole 
cells  of  the  fungus,  Histoplasma  capsulatum.     Infection  and  Immunity 
(In  press) . 

Reiss,  E.,   Stone,   S.H.,  and  Hasenclever,  H.F.:     Serologic  and  cell 
ular  immune  activity  of  pepido-glucomannan  fractions  of  Candida  albicans 
cell  walls.     Infect.   Immun.    (In  press). 
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Serial   No.   NIAID  79E 

1 .  Microbiology 

2.  Medical   Mycology 

3.  Bethesda,  Md. 


PHS-NIH  •     '     ■ 

Individual   Project  Report 
July  1,   1973  through  June  30,   1974 


;!■ 


Project  Title:      Yeast  Flora  of  Birds 

Previous  Serial   Number:     Same 

Principal    Investigator:     H.F.   Hasenclever 

Other  Investigators:     None 

Cooperating  Units:      Dr.   R.M.    Kocan 

Patuxent  Wildlife  Research  Center 


Man  Years: 

NIAID 
Lab.  Staff 

Other  NIH 
Personnel 
Assigned 
to  Project 

Guest 
Workers 

TOTAL 

Total 

4/12 

- 

- 

4/12 

Professional 

4/12 

- 

- 

4/12 

Other 

- 

- 

- 

- 

Project  Description: 

Objec 

tives: 

To  study  qualitatively  the  yeast  flora  of  columbiform  birds  with 
particular  emphasis  on  Columba  livia   (common  pigeon);  and  to  determine  the 
frequency  of  isolation  of  those  microorganisms   that  are  associated  with  and 
cause  disease  in  humans. 

Methods  Employed: 

Pigeon  droppings  were  collected  at  rural   and  urban  sites  and  cultured 
for  C_.   albicans. 

Major  Findings: 

C_.   albicans  was   isolated  from  11   of  34  samples   of  pigeon   droppings. 
The  positive  samples  contained  from  10^  to  6  x  10^  colony  formi.ig  units  of 
C_.  albicans/gm  of  dry  feces. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  results  extend  our  knowledge  concerning  the  ecological  relation- 
ship of  C^.  albicans  with  the  common  pigeon.  This  bird,  being  a  close  assoc- 
iate of  man  and  his  architecture,  may  represent  a  source  of  contagion  for 
this  yeast. 

Proposed  Course  of  the  Project: 

To  be  terminated  because  of  disestablishment  of  the  Laboratory  of 
Mi  crobiology . 

Honors  and  Awards: 

None 

Publications: 

Kocan,   R.M.,  and  Hasenclever,  H.F.:     Seasonal   variations  of  the 
upper  digestive  tract  yeast  flora  of  feral   pigeons.     J.   Wildlife  Dis. 
(in  press) 
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Serial  No.  NIAID  152 

1.  Microbiology 

2.  Immunology 

,  .      3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Studies  on  antibody  production  and  mechanisms 

o£  hypersensitivity 

Previous  Serial  Number:   Same  ..  .  -  . 

Principal  Investigator:   Dr.  Sanford  H.  Stone 

Other  Investigators:   None  ,   . 

1, 


Cooperating  Units: 


Dr.  Marius  Valsamis 

Dr.  Cedric  Raine 

Division  of  Neuropathology 

Albert  Einstein  College  of  Medicine 

New  York,  New  York 

Dr.  Gardner  Middlebrook 

Dr.  Zulema  Reggiardo 

Division  of  Experimental  Pathology 

University  of  Md.  School  of  Medicine 

Baltimore,  Maryland 


Man  Years 


NIAID       Other  NIH 
Lab.  Staff   Personnel 

Assigned 
to  Project 


Guest 
Workers 


TOTAL 


Total 

Professional 

Other 

Project  Description; 
Project  Subtitle  I: 

Obj  ectives : 


18/12 

12/12 

6/12 


18/12 

12/12 

6/12 


Mechanisms  of  protection  again'it  Mycobacterium 
tuberculosis  (in  collaboration  \iitn 


Cooperating  Unit  #2) 


To  elucidate  the  mechanisms  underlying  protection  against 
tuberculosis  in  guinea  pigs. 
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Methods  Employed: 


Inbred  histocompatible  guinea  pigs  were  sensitized  by- 
inoculation  o£  living  BCG  vaccine  or  infection  o£  killed  M. 
tuberculosis  in  oil  emulsion.   Lymph  node  or  spleen  cells  were 
taken  during  various  stages  of  the  immune  response  and  transferrec 
to  histocompatible  and  random  bred  recipients.   Recipients  were 
challenged  by  aerosols  containing  living  M.  tuberculosis .   Organs 
were  examined  for  the  presence  of  M.  tuberculosis  and  its  lesions 
by  bacteriological  and  histologicaT  criteria. 


*' 
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Major  Findings: 

From  animals  sys 
cells  do  not  transfer 
tuberculin,  but  can 
donor-recipient  ratio 
protection  against  ch 
M.  tuberculosis .  Gui 
Tn  water-in-oil  emuls 
adoptive  protection, 
lesions  comparable  to 


temically  immunized  with  living  BCG,  lymphoid 

significant  delayed  hypersensitivity  to 
under  appropriate  conditions  (involving 
s,  time  of  harvest,  etc.)  adoptively  transfer 
allenge  by  aerosols  containing  virulent 
nea  pigs  immunized  with  killed  M.  tul3erculosis 
ion  were  not  suitable  donors  for  such 
and  recipients  of  their  lymphoid  cells  had 
controls . 


Significance  to  Bio-Medical  Research  and  the  Program  of  the 
Institute : 

Although  the  search  for  better  vaccines  for  tuberculosis 
has  occupied  the  attention  of  investigators  for  many  decades, 
the  actual  mechanisms  of  protection  against  this  disease  remain 
unexplained.   The  elucidation  of  the  components  of  the  immune 
response  involved  in  protection  would  lead  to  better  choices  of 
form  of  antigen  and/or  adjuvant.   Passively  transferable  mechanisms 
of  importance  in  therapy  of  other  diseases  (tumors,  leprosy) 
also  require  clarification. 

Proposed  Course  of  Project: 

Appropriate  methods  for  preparing  purified  suspensions  of 
B  cells  and  T  cells  will  be  adopted  for  use  in  experiments  on 
transfer  of  protection  against  tuberculosis.   The  role  of  macro- 
phages from  both  immunized  and  normal  hosts  will  be  examined. 


Project  Subtitle  II: 


Genetics  and  pathogenesis  of  acute  and 
chronic  autoimmune  encephalomyelitis  and 
autoimmune  neuritis 


Objectives : 

To  elucidate  the  mechanisms  underlying  resistance  to  auto- 
immune encephalomyelitis  (AE)  linked  to  age,  sex,  or  strain 
differences  in  guinea  pigs,  in  search  for  information  on  the 
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etiology  of  the  disease  or  of  demyelinating  diseases  in  general 
(In  collaboration  with  Cooperating  Unit  #1) 


Methods  Employed: 

Young  and  mature,  male  and  femal 
guinea  pigs  were  sensitized  with  homo 
peripheral  nerve  tissue  incorporated 
adjuvant  (FCA)  containing  killed  Myco 


e  strain  2  and  strain  13 
logous  spinal  cord  or 
into  Freund's  complete 
bacterium  tuberculosis . 
assive  immunization  with 
ues  from  guinea  pigs  with 

taken  for  detailed  comparison 
tological  methods  and  analyses 

Treatment  of  chronic  AE , 
as  undertaken  with  the 
ed  intraperitoneally . 


'  r* 


The  effects  of  subsequent  active  or  p 
the  same  antigen  were  observed.  Tiss 
acute,  sub-acute,  and  chronic  AE  were 
of  these  conditions  using  classic  his 
by  electron  microscope  (EM)  as  well, 
which  resembles  multiple  sclerosis,  w 
immunosuppressive  drug  Cytoxan  inject 

Major  Findings: 

trast  to  adult  strain  13  guinea  pigs  which  always 
te  AE ,  juvenile  animals  develop  a  more  chronic  disease, 
(after  clinical  signs  have  appeared)  morphological 
both  recent  damage  to  the  myelin  and  remyelination. 
ts  an  earlier  subclinical  disease  process.   Ultra- 
examination  revealed  repeated  acute  episodes  of 
on:  spinal  cords   became  infiltrated  by  Schwann  cells 
nated  previously   denuded   CNS  fibers.   The  chronic 
Id  not  be  transferred  by  lymphoid  cells  alone  to 
anling  recipients.  -  •      ■  f  -  :  :  ■ 

Significance  to  Bio-Medical  Research  and  the  Program  of  the 
Institute: 

This  chronic  age-dependent  AE  is  highly  reproducible  and 
bears  many  morphologic  and  clinical  resemblances  to  multiple 
sclerosis.   The  similarities  to  MS  plaques  in  the  CNS  and  the 
chronicity  with  relapse  and  remission  make  this   form  of  AE 
a  highly  relevant  animal  model  for  demyelinating  diseases  in  man. 

Proposed  Course  of  Project: 

T  and  B  cells  from  guinea  pigs  with  chronic  AE  will  be  used 
in  vitro  in  tissue  culture  of  myelinated  CNS  tissues  and  in  vivo 
alone  or  in  combinations  to  correlate  particular  immune  responses 
with  the  various  types  of  chronic  and  acute  AE . 
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Project  Subtitle  III : 


Studies  on  cellular  manifestations  of 
hypersensitivity  and  immunity  in  guinea 
pigs:   transplantation  of  immunologically 
competent  tissues 


45 


Serial   No.    NIAID    152 


I 


I 


' 


Ob j  ectives : 

Correlation  of  the  developments  in  lymphoid  tissues  draining 
the  sites  of  injection  of  antigens  with  the  capacity  of  the  lymph 
node  T  or  B  cells  to  transfer  either  hypersensitivity  or  antibody- 
producing  capacity. 

Methods  Employed: 

Immune  deviation  (suppression  of  manifestation  of  delayed 
hypersensitivity)  was  established  by  injection  of  alum-precipitated 
antigens  in  guinea  pigs.   In  appropriate  passive  versions  of 
the  model,  guinea  pigs  were  sensitized  with  various  antigens 
incorporated  into  complete  or  incomplete  Freund's   adjuvant  or  in 
alum  adjuvants.   They  were  used  as  donors  or  recipients  of  lymphoid 
cells,  in  order  to  isolate  and  characterize  the  role  of  the 
adjuvant  in  selecting  components  of  the  immune  response. 

Major  Findings: 

Adoptive  transfer  of  immune  deviation  was  not  easily  achieved 
with  lymph  node  cells  either  from  deviated   donors  or  from 
deviated  and  sensitized  donors.   Peritoneal  exudates  appear  to 
be  more  suitable  for  such  transfers. 


Significance  to 
Institute : 


iio-Medical  Research  and  the  Program  of  the 


'?l 


The  types  of  cells  requi 
are  of  interest  for  the  recon 
at  the  cellular  level.  Which 
deviation  and  also  the  mechan 
queried  by  this  approach.  Th 
tool  for  study  of  the  cell-ce 
of  great  importance  in  immune 
initial  adjuvant  stimulation 
obvious  significance  to  those 


red  for  transfer 
struction  of  the 

cells  are  susce 
ism  of  immune  d 
e  adoptive  trans 
11  interactions 

responses.  The 
observed  in  devi 

in  search  of  mo 


of  adoptive  immunity 

immune  response 
ptible  to  immune 
eviation  may  be 
fer  is  a  powerful 
recently  recognized 

importance  of  the 
ation  studies  is  of 
re  efficient  vaccines. 


Proposed  Course  of  Project: 


Transfers  involving  lymphoid  cell  suspensions  from  other 
lymphoid  organs  and  with  T  and  B  cell  composition  and  of  slices 
of  lymphoid  tissue  from  sensitized  deviated  donors  will  be  made 
into  normal  or  deviated  recipients  to  assess  role  of  cell-cell 
association  or  of  certain  tissue  architecture  in  normal  or 
deviated  immune  responses. 

Honors  and  Awards : 

Professorial  lecturer  in  immunology,  Howard  University, 
Washington,  D.  C. 

President,  NIAID  Assembly  of  Scientists 
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Publications : 

Reiss,  E.,  Stone,  S.  H.,  and  Hasenclever,  H.  F.:   Serologic 
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65C     Competence  development  and  genetic  transformation    25 
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PHS-NIH 
Summary  Statement 
Laboratory  of  Streptococcal  Diseases 
July  1,  1973  through  June  30,  1974 

Introduction 

On  June  11,  1973,  the  Laboratory  of  Streptococcal  Diseases 
was  established,  and  14  personnel  were  transferred  thereto  on 
June  29,  1973,  from  the  Laboratory  of  Microbiology  being  disestab- 
lished.  This  incorporates  5  projects  previously  listed  under  LM, 
and  2  new  proj ects- -reports  of  all  of  which  are  appended.   In  July 
1974,  Dr.  Kenneth  M.  Nugent  will  complete  2  years  as  Research 
Associate,  and  will  be  succeeded  by  Dr.  Harvey  Edmonds.   On  July 
1,  1973,  Dr.  Jon  M.  Ranhand  was  converted  from  Senior  Staff  Fellow 
and  joined  the  staff  as  a  Commissioned  Officer,  Sr.  Scientist  (T) . 

The  mission  of  the  Laboratory  of  Streptococcal  Diseases  is 
the  advancement  of  knowledge  of  streptococci,  and  of  other  micro- 
organisms, which  may  contribute  to  an  understanding  of  genetic 
mechanisms,  pathogenesis,  and  the  relationships  of  structure  and 
function  of  bacterial  cell  walls,  membranes,  organelles,  biologi- 
cally active  molecules  or  aggregates,  and  bacteriophages. 

Range  of  Ultrastructural  Variations  in  Staphylococcus  aureus 


micro 
eir 


Cell  Wall  Described 


Studies  of  norma 
scopy  have  enabled  an 
ultrastructure ,  and  p 
approach  has  been  to 
known  or  suspected  mu 
sections,  the  variati 
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Lysogeny  Common  in  Group  A  Streptococci 

The  possibilities  of  alteration  of  streptococcal  character- 
istics (antigens,  toxins,  etc.)  by  phage-mediated  genetic  exchange 
(transduction)  or  by  the  acquisition  of  prophage  (lysogenic  con- 
version) are  being  studied.   A  first  requisite,  however,  is  know- 
ledge of  the  extent  of  lysogeny,  because  it  can  alter  host 
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Basic  Characteristics  of  Temperate  Bacteriophages  of  Croup  H 
Streptococci 

Bacteriophages  originating  from  Group  II  streptococci  were 
discovered  in  this  laboratory  several  years  ago  and  have  proven 
useful  in  genetic  studies.   Such  utility  is  increased  by  cumulative 
knowledge  of  the  phages  and  phage-host  interactions,  and  investi- 
gations in  these  directions  have  been  continuing.   Using  phage 
0  227  grown  in  a  Wicky  strain,  we  previously  determined  methods 
for  improved  efficiency  of  phage  recovery;  the  utility  of  a  defined 
medium,  latent  and  rise  periods,  burst  size,  and  the  non-dependence 
of  absorption  on  divalent  cations  such  as  calcium.   Current  results 
show  that  production  of  vegetative  (infectious)  phage  is  inhibited 
by  f  luorodeoxyur  id  ine  ,  hydroxyplienylazouraci  1 ,  rifampin,  strepto- 
mycin, chloramphenicol,  and  incubation  above  43  C;  and  decreased 
by  nalidixic  acid.   In  a  ri f ampin-resistant  host  mutant,  phage 
production  is  partially  ri fampin -  res  is tant - -apparently  because 
the  phage  can  utilize  the  mutant  polymerase  to  which,  however, 
rifampin  binds  and  alters  transcription  efficiencies  to  some 
extent.   Adsorption  data  suggest  that  the  phage  receptor  is  a 
polysaccharide.   Biophysical  studies  show  the  pliage  molecular 
weight  to  be  42.29  x  106  daltons,  its  DNA  content  351,  and  there- 
fore the  DNA  molecular  weight  to  be  about  15  x  10^  daltons.   The 
phage  contains  6  structural  proteins,  which  are  coded  for  by 
43.7%  of  the  genome.   Transfection  studies  with  phage  DNA  showed 
dependence   on  presence  of  competence  factor,  on  DNA  concentration, 
on  calcium  and  on  the  absence  of  competing  species  of  DNA.   In 
transfected  cells,  the  lytic  cycle  is  altered  from  that  produced 
by  infectious  whole  phage.  Ongoing  work  emphasizes  DNA  conformation 
and  molecular  weight  determinations  by  electron  microscopy  and  by 
the  agarose  gel-ethidium  bromide  method.   No  such  complete  data 
are  available  in  the   literature  for  any  streptococcal  phage,  and 
their  availability  will  lead  to  new  understanding  of  phage-host 
interactions  in  general,  as  well  as  to  findings  applicable  to 
streptococcal  problems.   (Nugent) 


Relation  of  Intracellular  and  lixt race! lular  Hemolysins  of 
Group  A  Streptococci  Explores   ~  " 


The  oxygen-stab 
cocci,  by  which  thei 
usually  suspected,  i 
SLS  in  active  forms 
and  prior  studies  of 
streptococci  contain 
latent  or  potential 
be  converted  under  a 
core  SLS  (LX-RNA-SLS 
it  is  the  probable 
1)   PCH  titers  fall 
in  an  appropriate  me 
•no  PCH,  and  only  the 
additional  strain  ha 
EX-RNA-SLS:   and  pre 
a  defect  in  a  metabo 
enzymes.   The  locati 
membrane.   New  devel 
other  cellular  hemol 
known  oxygen-labile 
further  study.   Futu 
potential  and  renal 
streptococcal  -  induce 
streptococcal  hemoly 


le  or  "sur 
r  presence 
s  streptol 
is  bound  t 
the  prese 
an  active 
cellular  h 
ppropr iate 
) .  This  y 
usual  prec 
as  EX-RNA- 
dium;  (2) 
se  two  fai 
s  been  fou 
liminary  e 
lie  activa 
on  of  PCH 
opments  in 
ysin  (i.e. 
hemolys  in 
re  efforts 
binding  of 
d  disease, 
sins.   fCa 


face"  hemolysin  of  Croup  A  s 
on  a  blood-agar  culture  pla 
ysin  (SLS).  This  extracellu 
o  a  ribonucleic  acid  (RNA)  c 
nt  investigator  showed  that 

cellular  hemolysin  (ACH)  an 

emolysin  (PCH) --both  of  whic 

conditions,  to  extraccllula 

ear's  concentration  on  PCH  s 

ursor  of  EX-RNA-SLS,  because 

SLS  titers  rise  during  incub 

two  of  23  strains  tested  con 

led  to  produce  EX-RNA-SLS. 

nd,  which  produces  PCH  but  n 

vidence  suggests  this  is  bee 

tion  step  requiring  energy  o 

appear  to  be  in  or  on  the  ce 

dicate  that  the  identity  of 

,  ACH)  and  its  separation  fr 

fSLO)  also  produced,  will  re 

will  also  focus  on  the  toxi 

PCH  as  a  possible  factor  in 

as  well  as  on  genetic  contr 

landra) 


trepto- 
te  is 
lar 
ore , 
the 
d  a 
h  can 
r  RNA- 
how  that 


ation 

tained 

An 

ot 

ause 

r 

11 

the 

om  the 

quire 

c 


'  r' 


of 


yH  -1 


ol  of 


Muralysjn  Susceptibility  of  Aid  in  Defining  "Group  H" 
Streptococci 
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that  PAL- sensitivity  may  he  a  useful  adjunct  screening  procedure 

in  presumptive  placement  of  sanguis  -  ]  :i  ke  strejitococci  in  Group  11, 

as  well  as  a  rapid  means  of  preiiaring  protoplasts  for  examination 
of  cellular  fractions.   I'urthermo  re ,  the  occurrence  of  different 

strains  with  walls  reacting  similarly  to  lysozyme,  but  differently 

to  TAL,  can  provide  data  on  both  peptidoglycan  structures  and  the 

undetermined  site  of  action  oi'    I'AL.   (Calandra,  Nugent,  Cole,  and 
Huff) 

F.ffective  Rinding  of  Site  of  Competence  Factor  in  Dispute 

Published  studies  report  that  soluble  competence  factor   (CF) 
in  both  pneumococci  and  streptococci,  binds  iirimarily  to  cytoplasmic 
membrane.   It  was  concluded,  therefore,  that  membrane  is  the  site 
at  which  CF  induces  competence  for  genetic  transformation.   However, 
these  findings  v^rere  made  on  cells  already  fully  competent,  and  do 
not  answer  tlie  questions  of  the  minimal  amount  of  CF  required  for 
induction  nor  whether  its  initial  effective  location  might  not  be 
obscured  by  excess  and  Ineffective  binding  of  CF  elsewhere  and 
later.   Our  studies  show  that  ii  re -competent  cells,  exposed  for 
S   minutes  to  CV    in  the  absence  of  protein  synthesis,  bind  0 .  01  "o 
of  the  maximal  j^ossible  amount  of  bound  CF'- -which  is  adeiiuate 
for  competence  intluction  if  the  washed  cells  are  now  allowed  to 
synthesize  protein  for  40  minutes  witliout  further  exposure  to  CF". 
This  trace  amount  of  bound  CV-    is  found  only  in  the  cell  wall 
portion  of  fractionated  cells,  and  is  t ryps in  -  sens i t ive  at  this 
stage.   We  do  not  know  if  its  location  and  trypsin- sensitivity 
may  shift  after  initiation  oi'   protein  synthes  is  - -but  this  seems 
likely  because  a  laruer  amount  (.  1 ';>  o{'   maximum),  bound  during  a  5 


i 


minute  exposure  of  pre-competent  cells  to  CF  during  protein 
synthesis,  is  found  primarily  in  the  cytoplasmic  membrane  fractii 

and  is  now  trypsin- insens  i  t  ive  .   However,  measurable  CF  ^ ■"  " 

are  also  present  in  wall  and  mesosome  fracitons.   After  • 
of  exposure  to  CV   during  protein  synthesis,  as  is  routini 


Lon 
and  is  now  trypsin- insens i t ive .   However,  measurable  CF  levels 

40  minutes 
lely  used 
-.  achieving  full  competence,  maximum  CV    (1001.)  is  bound  in  a 
trypsin- insensitive  state  and  is  distributed  primarily  and  equally 
in  membrane  and  mesosomes  [although  smaller  amounts  are  present 
in  wall  and  soluble  fractions).   Obviously,  all  these  latter  are 
in  excess  of  the  trace   amount  of  CF  actually  required  to  induce 
competence  and  the  shifts  in  location  with  changing  conditio 
it  clear  that  the  precise  site  for  CF 
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New  Proteins  in  Cenetic  Competence  of 


Earlier  studies  showed  that  streptococci,  when  capable  of 
genetic  DNA-mediated  transformation  (.I.E.,  competent  cells)  contain 
at  least  2  proteins  absent  from  non-competent  cells.   These  new 
proteins  are  manifest  as  an  autolysin,  and  as  a  distinct  band  in 
electrophoresed  polyacrylamide  gels  of  cell  extracts.   New  studies 
now  show  that  the  autolvsin  activity,  which  requires  a  reducing 
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Serial  No.  NIAID  65 

Project  Description: 

Ob j  ectives : 

to  examine  the  ultrastructure  of  microorganisms ,  in  self- 
generated  and  collaborative  studies,  with  particular  emphasis  on 
bacterial  cell  v;alls  and  membranes,  their  related  antigens,  and 
aspects  of  their  participation  in  growth,  division,  genetic 
interchange,  bacteriophage  absorption,  and  the  like. 

Methods  Employed: 

Standard  or  newly-developed  methods  of  bacteriology,  serology, 
phage  virology,  microbial  genetics,  biochemistry,  and  electron 
microscopy.   When  appropriate,  special  methods  of  antibody  labelling, 
cytochemistry,  or  other  techniques  of  marking  for  electron  micro- 
scopy. 

Maj  or  Findings : 

(A)   Bacillus  subtilis  mutants 
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2.   In  1971-72  (this  project  number)  we 
urally  the  progress  of  cell  wall  lysis  by  nat 
different  pH ' s  (6.0,  8.0,  and  9.5)  in  an  aspo 
negative  mutant  (strain  SR22)  of  B.  subtilis 
were  found.   In  order  to  clarify  "the  role  of 
cell  wall)  in  relation  to  the  suspected  3  dif 
(each  active  at  a  different  pH) ,  the  phenomen 
adding  crude  autolysin-containing  fluid  to  ce 
boiled  in  sodium  dodecyl  sulfate  to  inactivat 
bound  autolysins.   These  were  incubated  at  pH 
(in  ultrathin  section)  examined  by  electron  m 
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attack  on  wall   progressed  from  cross-wall 
to  poles,  and  eventually  resulted  in  complete 
These  results,  obtained  without  possible  inter- 
ference or  enhancement  by  wall-bound  lytic  enzymes,  suggest  that 
the  autolysins  have  no   absolute  specificity  for  any  cell  wall 
region,  but  that  all  attack  wall  in  the  same  temporal  sequence. 
(Collaborator:   Brown) 


native  autolysins, 
to  peripheral  wall 
v;all  destruction. 


(B)   Staphylococcus  aureus  mutants 

Studies  of  the  last  2  years  resulted 
current  knowledge  of  ultrastructure  of  st 
ularly  of  their  cell  walls,  which  was  pre 
symposium  of  the  New  York  Academy  of  Scie 
The  attempt  has  been  to  define  "normal"  wa 
of  known  or  suspected  mutants  under  vario 
this  standard.  As  seen  by  electron  micro 
the  variations  which  can  occur  are:  (1) 
(2)  loss  or  decreased  resolution  of  the  s 
increased  density  of  wall;  (4)  increased 
decreased  density  of  wall;  and  (6)  appare 
as  widened  wall  profile,  loss  and  degrada 
and  cell  lysis.  These  may  occur  in  vary 
present  knowledge  does  not  permit  predict 
causes  nor  of  their  exact  relationships  t 
genetic  defects.  (Collaborators:  Chatte 
Tipper) 
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(C)  Spiroplasma 

In  efforts  to  det 
and  particularly  of  th 
stacked,  striated  bodi 
membranes  were  prepare 
shocking  or  by  KCl  tre 
units  are  released  to 
pronase  treatment,  but 
numbers  for  physical  s 
induces  appearance  in 
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scattered  larger  (12-1 
pointed  (as  determined 
diameter  (12  nm)  as  th 
compose.   The  nature, 
components,  and  relati 
in  other  mycoplasmas, 
(Collaborator:   Tully) 
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ngs;  and  of  randomly- 
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being  explored. 
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Serial  No,  NIAID  65 
(D)   Electron  Microscopy  in  support  of  other  projects 

1.  Monitoring  of  phage  (^FW227)  production  and  developmental 
cycle  in  Group  H  streptococci,  and  purification  of  phage.   (Project 
No.  NIAID  65A-2;  Nugent) 

2.  Determination  of  extent  of  lysogeny  in  Group  A  streptococci 
by  electron  microscopy  after  culture  exposure  to  mitomycin  C  for 
induction  of  phage.  (Project  No.  NIAID  65A;  Colon) 

3.  Monitoring  of  sucrose  gradient  separation  of  membranes 
and  mesosomes  from  competent  Group  H  streptococci  (strain  Wicky) , 
in  studies  of  competence  factor  localization.   (Project  No.  NIAID 
65C;  Leonard) 

4.  Verification  of  occurrence  and  extent  of  muralysin 
(phage-associated  lysin;  lysozyme)  activity  on  cells  and  cell  walls 
of  Group  H  streptococci.   (Project  No.  NIAID  65A-4;  Calandra) 

5.  Monitoring  of  homogeneity  of  membrane  and  mesosome 
fractions  of  Staphylococcus  aureus  and  a  variety  of  other  Gram- 
positive  bacteria,  in  studies  of  localization  of  lipoteichoic 
acid.  (Project  Nos.  NIAID  62  and  63B;  Huff  and  Theodore) 

6.  Examination  for  ultrastructural  changes,  especially  in 
mesosomes,  occurring  during  penicillinase  induction  in  Staphylo- 
coccus aureus  80/81:   no  differences  from  uninduced,  penicillmase- 
negative  ceTTs  were  found, 
Theodore) 
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(Project  No.  NIAID  63B;  Nugent   and 
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7.   Examination,  by  negative  staining  and  metal  shadowing, 
of  sarkosyl  "M-bands"  for  verification  of  DNA-membrane  complexes 
of  Staphylococcus  aureus  isolated  by  this  technique.   (Project  No 


K 


NIAID  63B;  Twible.  Theodore,  and  Nugent) 


8.  Investigations  of  the  application  of  a  low  viscosity 
embedding  medium  (Spurr's)  to  bacteria  and  plant  cells  infected 
with  mycoplasma.   The  results  are  as  good,  and  in  some  respects 
better,  than  with  embedments  usually  employed  for  section  of 
bacteria.   (Popkin) 

9.  Extensive  monitoring  of  effects  of  breakage  of  bacteria 
by  a  new  method  (Vortexing-glass  beads) ,  and  especially  of  pro- 
duction or  liberation  of  new  structures  from  enterobacteria . 
(New  Project  with  Ranhand) 

Significance  to  Bio-Medical  Research  and  the  Program  of  the 
Institute : 

Definition  of  ultrastructure  is  a  powerful  and  essential  tool 
in  the  correlation  of  structure  anf  function.   Our  studies  attempt 
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ding  of  cell  envelope  constituents 
a,  by  making  use  of  normal  (wild- 
croorganisms  which  are  cell-wall- 
r  which  are  only  membrane-bounded 
induced  bacterial  L-forms).   Our 
ide  a  basis  for  ultrastructural 
chemical  effects  on  cell  wall  and 
and  for  localizing  essential  growth 
rane  and  membranous  organelles. 


Proposed  Course  of  Project: 

1.  Continuing  examination  of  appropriate  growth  and  division 
mutants  of  Gram-positive  bacterial. 

2.  Continuing  attempts  to  define  the  ultrastructure  of 
Spiroplasma  and  related  mycoplasmas-especially  as  regards  membrane 
or  cell  envelope,  and  the  cycle  of  bacteriophage. 

3.  Initiation  of  studies  for  ultrastructural  localization 
of  lipoteichoic  acid  in  intact  cells  of  Gram-positive  bacteria. 

4.  Investigation  of  cell  envelope  and  membrane  structure  in 
Gram-negative  enterobacteria ,  as  examined  during  sequential 
application  of  methods  known  to  remove  defined  components;  and  of   ^ 
the  related  problem  (as  suggested  by  some  preliminary  observations)  *• 
of  regular  aggregation  or  self-assembly  of  some  liberated  components. 

5.  Continued  monitoring  of  streptococci,  their  components, 
and  their  bacteriophages,  in  support  of  genetic  and  other  studies 
on  these  bacteria. 

Honors  and  Awards: 


Appointed  to  Editorial  Board,  Antimicrobial  Agents  and 
Chemotherapy ,  December  1973. 

Continuing  member,  Editorial  Board,  Infection  and  Immunity. 

Chairman-elect,  Ultrastructure  Division,  American  Society 
for  Microbiology. 

Elected  to  membership.  Infectious  Disease  Society  of  America, 
1972. 

Project  Officer,  NIAID  Research  Contract  PH  43-68-83,  Univ. 
of  Chicago. 
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Publications : 

Cole,  R.  M.,  Tully,  J.  G.,  Popkin,  T.  J.,  and  Bove ,  J.  M. : 
Morphology,  ultrastructure ,  and  bacteriophage  infection  of  the 
helical  mycoplasma-like  organism  (Spiroplasma  citri  gen.  nov., 
sp.  nov.)  cultured  from  "Stubborn"  disease  of  citrus.   J.  Bacteriol 
115:  367-386,  1974.  

Reeve,  J.  N.,  Mendelson,  N.  H.,  Coyne,  S.  I.,  Halloch,  L.  L., 
and  Cole,  R.  M.  :   Minicells  of  Bacillus  subtilis.  J.  Bacteriol. 
114:  860-873,  1973. — 

Cole,  R.  M. ,  Tully,  J.  G.,  Popkin,  T.  J.,  and  Bove,  J.  M. : 
Ultrastructure  of  the  agent  of  citrus  "Stubborn"  diseases.   Ann. 
N.  Y.  Acad.  Sci.  225:  471-493,  1973.  

Feinman,  S.  B,,  Prescott,  B.,  and  Cole,  R.  M. :   Serological 
reactions  of  glycolipids  from  streptococcal  L- forms.   Infection 
and  Immunity  8:  752-756,  1973.  

Mendelson,  N.  H,,  Reeve,  J.  N.,  and  Cole,  R.  M.  :   Physiological 
studies  of  Bacillus  subtilis  minicells.   J.  Bacteriol.  117: 
1312-1319,  1974.  

Cole,  R.  M. ,  Chatterjee,  A.  N.,  Gilpin,  R.  W. ,  and  Young,  F.E.: 
Ultrastructure  of  teichoic  acid-deficient  and  other  mutants  of 
staphylococci.   Ann.  N.  Y.  Acad.  Sci.  (In  press) 

Calandra,  G.  B.,  Nugent,  K.  M. ,  and  Cole,  R.  M. :   Lysis 
of  cells,  degradation  of  walls,  and  formation  of  protoplasts  of 
"Group  H"  streptococci  by  Group  C  streptococcal  phage-associated 
lysin.   J.  Bacteriol.  (In  press) 
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Serial  No.  NIAID  65A 

1.  Streptococcal  Diseases 

2. 

3.  Bethesda,  Md. 


PHS-NIH 
Individual   Project  Report 
July  1,   1973  through  June   30,   1974 

Project  Title:     Studies  on  the  Genetics  of  Streptococci 

Previous  Serial  Number:     Same 

Principal    Investigator:     Alba  E.   Colon 

Other  Investigators:     Carmen  G.   Leonard 

Roger  M.   Cole 


Cooperating  Uni 

ts:  None 

Man  Years: 

NIAID 
Lab.  Staff 

Other 
Personnel 
Assigned 
to  Project 

Guest 
Workers 

TOTAL 

Total 

21/12 

- 

- 

21/12 

Professional 

12/12 

- 

- 

12/12 

Other 

12/12 

- 

- 

12/12 

Project  Descrip 

ti  on : 

Objecti 

ves: 

To  develop  and  apply  systems  of  genetic  exchanges,  namely  transforma- 
tion,  transduction  and  transfection,   in    streptococci.     To    stuay  trie  effect 
of  lysogeny  on  virulence  and  other  properties   of  group  A  streptococci.     To 
develop  methods  to  detect  and  select  transductants  to  various  bacterial 
characteristics     such  as  toxins,  hemolysins,  enzymes,  and  cell  wall    aitigens. 

Methods  Employed: 

The  usual  methods  in  microbial   genetics,   bacteriophage  isolation  and 
identification  were  employed. 

Major  Findings: 

1 .     Transduction  of  streptomycin  resistance  in  group  H. 

Last  year  we  reported  transduction  by  phage  FW  227  of  4  nitrosoguanidine- 
induced  mutants  of  strain  SBEI/II.     Now,   following  extensive  testing  for  other 
transducible  strains,  we  have  found  that  only  strain  Challis-6,  and  one  NTG 
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mutant  of  strain  Wicky  (strain 
whereas  the  SBE  strain  was  tran 
by  either  ultraviolet  (UV)-irra 
and  Wicky  M8  were  transduced  on 
parent  strains  and  their  transd 
well,  and  their  competent  cultu 
and  transfected  by  phage  DNA,  a 
ferences  in  transducibili ty  are 
genetic  exchange  in  the  transdu 
its  failure  in  the  presence  of 
desoxyribonuclease  to  inhibit  i 
cultures . 
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M  8),  were  similarly  transducible.     However, 
sduced  at  equivalent  efficiencies   fca  5x10-6) 
diated  or  non-irradiated  phage,   Challis-6 
ly  by  UV-irradiated  phage.     Non-transducible 
ucible  mutants  adsorbed  phage  FW  227  equally 
res  were   transformed  by  streptococcal    DNA 
t  equal  efficiencies:      the  reasons  for  dif- 
at  present  unknown  and  being  explored.     The 
ced  strains  was  shown  to  be  phage-mediated  by 
homologous  phage  anti -serum,   by  failure  of 
t,   and  by  its  occurrence   in  non-competent 


2.     Transduction  of  serum  opacity  factor  (SQF)   in  group  A  streptococci. 

Some  serotypes  of  group  A  streptococci -almost  entirely  those  with 
difficulty-extractable  and  poorly-antigenic  M  protein-contain  or  produce  a 
factor  called  serum  opacity  factor  (probably  a  lipoproteinase)   because  such 
strains  produce  opacity  in  serum  broths  or  around  colonies  on  serum-agar 
plates.     This  factor  may  prove  to  be  of  importance  in  future  efforts  to 
purify  proteins  for  human  immunizations;  and  we  felt  it  important  to  determine 
its  genetic  control.     Since  only  phage-mediated  transduction  is  operative  in 
genetic  interchange  in  group  A  streptococci,   the  initial    problem  was   to 
propagate  transducing  phages  in  SOP     strains  were  exposed  to  transducing  phages 
A25  and  AT  298.     In  two  strains,   the  phages  propagated  to  high  titer  (10^ 
PFU/ml);  and  one,  made  streptomycin-rebistant,   served  as  a  donor,   through 
the  transducing  phage,  of  the  Str'^  marker.     Having  thus  shown  the  feasibility 
of  transduction,   the  next  problem  is  to  determine  feasibility  of  detecting 
and  scoring  possible  transductants  to  SOF"*"  on  serum  agar  plates.     At  present, 
this  is  being  explored  by  using  quantitated  mixtures  of  SOF"*"  and  SOF"  strepto- 
cocci . 


I,     t3) 
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3.     Studies  in  lysogeny. 

There  is  a  possibility  that,  as   in  some  other  bacteria,   the  presence 
of  prophage   (the  lysogenic  state)   in  group  A  streptococci   can  determine 
some  important  antigenic  or  other  characteristics  of  the  strain   (lysogenic 
conversion).     This  has  not  been  shown,   nor,   in  fact,   tested.     A  first  approach 
is  determination  of  the  extent  of  lysogeny.     Prior  reports  utilizing  one  to 
several   indicator  strains,  and  with  and  without  use  of  an  inducer  such  as 
mitomycin  C,  average  about  40%  lysogeny  in  group  A.     We  avoided  the  use  of 
indicator  strains,  which  may  be  selectively  specific,   by  direct  electron 
microscopic  examination  of  44  randomly  selected  strains  after  mitomycin  C 
induction.     By  this  method  all   strains   (100%)  were  lysogenic  for  at  least  one 
phage;  all   phages  found  were  morphologically  identical   and  therefore  indisting- 
uishable by  this  criterion.     Although  this  higher-than-suspected  incidence  of 
lysogeny  makes  future  work  more  difficult,   it  does  not  rule  out  lysogenic 
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conversion-because  many  phages  can  be  shown  to  be  different  by  host  range  and 
serological   studies.     Another  possible  approach  is  to  attempt  to  "cure" 
lysogeny  (i.e.,  eliminate  the  prophage),  and  look  for  less  of  strain  character- 
istics.    To  this  goal,  considerable  time  and  effort  was  expended,   in  1973-74 
in  growing  quantities  of  given  phages  in  order  to  produce  specific  antisera 
to  be  used  in  "curing"  and  in  detecting  lysogeny  by  more  than  one  prophage 
per  strain. 

Significance  to  Biomedical   Research  and  the  Program  of  the  Institute: 


C 


The  genetics  o 
advances,  including  al 
change,  were  initiated 
sarily  concerned  with 
appropriate  phages-inc 
studies  are  in  the  app 
of  genetic  exchange  an 
may  affect  important  a 
virulence  or  pathogeni 
groups  A  and  H. 


f  streptococci   remains  relatively  unexplored.     Many 
1   of  those  involved  with  phage-mediated  genetic  inter- 
in  this   laboratory.     These  early  studies  were  neces- 
discovery,  propagation,  and  characterization  of 
luding  those  which  transduce.     Current  and  future 
lication  of  this  knowledge  to  elucidation  of  the  role 
d  lysogeny  in  nature-particularly  in  how  such  mechanisms 
ttributes,  such  as  antigenic  characteristics  and 
city  factors,  among  human  pathogenic  streptococci   of 
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Proposed  Course  of  Project: 

We  anticipate  continuation  of  efforts   to  define  the  extent  and 
importance  of  genetic  transduction  and  lysogeny  among  streptococci.     Although 
the  grouD  H  system  (which  can  also  incorporate  DNA-mediated  transformational 
analysis)  will   continue  to  be  useful   as  a  model   and  for  study  of  general 
phenomena  related  to  microbial   genetics,   the  most  effort  will   concentrate 
on  group  A  streptococci.     The  greatest  need  here  is  for  development  of 
methods  for  selection  of  transductants  to  streptococcal   characteristics 
other  than  antibiotic  resistance;  and  to  determine  suitable  characteristics 
for  study.     Accordingly,  we  plan   (1)   to  continue  study  of  serum  opacity  fac- 
tors; (2)   to  similarly  examine  control   of  hemolysin  production   (streptolysin 
S)   in  such  SLS     and  SLS"   strains  as   strain  C203S  and  C203LI;   and  (3)    to  ini- 
tiate appropriate  detection  methods   to  determine  if  cell  wall   antigens  are 
genetically  or  lysogenically  convertible. 

Honors  and  Awards: 

None 

Publications: 

None 
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Serial  No.  NIAID  65A-2 

1.   Streptococcal  Diseases 

2. 

3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Investigation  of  Group  H  streptoccal  temperate 

bacteriophages 

Previous  Serial  Number:   Same 

Principal  Investigator:   Dr.  Kenneth  M.  Nugent 

Other  Investigators:   Dr.  Roger  M.  Cole 

Cooperating  Units:   None 


Man  Years : 

NIAID 

Other  NIH 

Guest 

TOTAL 

Lab.  Staff 

Personnel 
Assigned 
to  Project 

Workers 

Total 

8/12 

- 

- 

8/12 

Professional 

8/12 

- 

- 

8/12 

Other 

- 

- 

- 

- 

Project  Description: 

Objectives : 

To  determine  the  fundamental  characteristics  of  Group  H 
streptococcal  bacteriophage,  including  phage  metabolic  inhibitors), 
mechanism  of  phage  adsorption,  biophysical  characterization  (size, 
structural  proteins,  DNA  content),  and  further  characterization 
of  transfection. 

Methods  Employed: 

Routine  bacteriological  and  bacteriophage  techniques.  Routine 
chemical  analysis.   Polyacrylamide  gel  electrophoresis.  Sucrose 
gradient  analysis. 

Major  Findings: 

Phage  metabolism.   Production  of  vegetative  (infectious) 
phage  FW  227  is  inhibited  by  f luorodeoxuridine  (10  pg/ml) , 
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hydroxyphenylazouracil  (.2  m>W ,  rifampin  (1  pg/ml) ,  streptomycin 
ClOO  ug/ml)  and  chloramphenicol  (100  yg/ml) .   Burst  size  is 
reduced  201  by  nalidixic  acid  (100  yg/ml) .   Growth  is  also 
temperature-sensitive  and  incubation  above  43  C  stops  pahge 
production.   This  inhibition  is  partially  reversible  by  down- 
shifts to  37  C.   The  critical  heat-labile  step  is  not  known. 

Because  production  of  ^  FW  227  becomes  rifampin  resistant 
in  a  rifampin-resistant  host,  the  phage  must  (be  able  to)  utilize 
the  B  subunit  of  the  host  core  polymerase-since  it  is  this 
subunit  that  is  functional  under  these  conditions.   However,  the 
burst  size  and  frequency  of  lysogeny  are  reduced  in  rifampin- 
resistant  hosts,  indicating  that  the  mutation  in  the  core  polymerase 
causes  a  change  in  the  transcription  efficiency  with  phage  DNA. 
If  increasing  concentrations  of  rifampin  are  added  to  rifampin- 
resistant  bacteria  during  phage   infeci-on,  there  is  a  progressive 
decrease  in  burst  size.   This  suggests  that  although  rifampin 
does  not  inhibit  the  mutant  polymerase,  it  does  bind  to  it  and 
further  changes  the  transcription  efficiencies.   (the  presence 
of  rifampin  in  a  resistant  bacterial  culture  does  not  change 
the  growth  rate  nor  the  net  rate  of  RNA  synthesis  of  the  bacterium.) 
Streptomycin  sensitivity  is  relieved  by  growth  of  a  streptomycin- 
resistant  host.   This  indicates  that  the  phage  also  utilizes 
host  machinery  at  the  translational  level  of  protein  synthesis. 

Phage  Adsorption.   ^  FW  227  adsorbs  to  stationary  phase 
cells'^i  heat-killed  cells,  trypsin-digested  cells,  and  to  cells 
in  buffer  without  divalent  cations.   Citrate  (100  mM)  and  EDTA 
(10  mM)  slow  the  rate  of  adsorption,  and  of  those  phage  which 
do  adsorb,  only  101  form  infectious  centers.   Purified  cell  wall 
inactivates  the  phage.   The  receptor  site  is  inactivated  (extracted) 
by  hot  formamide,  hot  acid,  and  hot  TCA,  but  in  unaffected  by 
37  C  alkali.   These  data  suggest  that  a  polysaccharide  is 
necessary  for  adsorption. 
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uptake  is  absolutely  dependent  on  the  presence  of  CF  and  is 
stimulated  by  increasing  amounts  o£  CF.   The  formation  of  infec- 
tious centers  is  proportional  to  the  DNA  concentration  squared, 
and  is  influenced  by  the  ionic  composition  of  the  media  (1  mM 
CaCl2  stimulates,  1-10  mM  MgCl2  inhibits,  5  mM  EDTA  inhibits). 
The  uptake  of  phage  DNA  is  inhibited  by  bacterial  DNA  (either  from 
the  host  strain  or  E.  coli  B)  and  this  inhibition  is  proportional 
to  the  amount  of  carrier  DNA,   The  lytic  cycle  resulting  from 
the  uptake  of  phage  DNA  in  competent  cells  is  significantly 
altered  from  the  normal  cycle  induced  by  infectious  whole  phage. 
In  the  former,  the  latent  period  is  extended  from  a  normal  of 
45  minutes,   to  65  minutes  after  DNA  exposure;  and  the  rise 
period  is  gradual  from  65  to  88  minutes,  instead  of  the  normal 
45-50  minutes.   The  burst  size,  however,  is  normal.   In  contrast, 
the  single-step  growth  curve  with  whole  phage  and  competent 
bacteria  is  identical  to  the  normal  vegetative  cycle. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the 
Institute : 
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Proposed  Course  of  Project: 


■  < 
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Since  the  principal  investigator  is  separating  from  active 
duty  in  July  1974,  there  are  no  current  plans  to  continue  this 
specific  work;  but  is  anticipated  that  the  fundamental  findings 
will  be  applied  to  ongoing  and  future  projects  dealing  with 
streptococcal  genetics. 

Honors  and  Awards: 

None 
Publications : 

None 
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1.   Streotococcal  Diseases 

2. 

3.   Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Investigation  of  the  streptolysin  S-related 

cellular  hemolysins  of  Group  A  streptococci 

Previous  Serial  Number:   None 

Principal  Investigator:   Dr.  Gary  Calandra 

Other  Investigators:   None 

Cooperating  Units:   None 


Man  Years 


NIAID       Other  NIH 
Lab.  Staff  Personnel 

Assigned 
to  Project 


Guest 
Workers 


TOTAL 


9/12 
9/12 


9/12 
9/12 


Total 

Professional 

Other  -  -  -         - 

Project  Description: 

Ohj  ectives : 

To  determine  the  temporal  and  structural  relationships  a 
labile  active  cellular  hemolysin  and  a  latent  or  potential 
cellular  hemolysin,  both  of  which  are  functionally  related  to 
RNA-core  streptolysin  S  (RNA-core  SLS) ,  and  extracellular  RNA- 
core  SLS.  Also,  to  determine  if  the  cellular  potential  hemo- 
lysin is  a  factor  in  pathogenesis  and  could  be  an  etiological 
factor  in  the  development  of  poststreptococcal  glomerulonephritis 

Methods  Employed: 

Routine  bacteriological  and  biochemical  techniques  were 
employed. 

Maj  or  Findings : 

It  had  previously  been  discovered  by  the  principal  investi- 
gator that  Group  A  streptococci  contain  both  an  active  cellular 
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hemolysin  (ACH)  and  a  latent  or  potential  cellular  hemolysin  (PCH) 
that  can  be  activated  by  sonication  or  grinding.   Both  hemolysins 
can  be  converted  to  an  hemolysin  apparently  identical  to  that  of 
extracellular  RNA-core  SLS. 
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cellular  titers  of  PCH  were  determined  in  23  strains  of 
streptococci  to  determine  whether  it  is  unique  to  strain 

is  found  in  others -- including  pathogenic  strains.   Of 
ins  tested,  only  two  contained  no  potential  hemolysin. 
3U,  is  a  mutant  of  C203S,  and  the  other  a  type  33  isolated 
atient  with  bacteremia;  neither  strain  forms  INA-core  SLS. 
ins  isolated  from  patients  with  rheumatic  fever  (6)  and 
onephritis  (2)  or  nephritis  (1)  contain  FCH.   Of  interest 
observation  that  some  of  these  strains  were  non-  to 
y  hemolytic  on  blood  plates  under  certain  conditions. 

of  serum  from  the  blood  prior  to  preparing  blood  plates 
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allowed  these  strains  to  produce  unequivocal  patterns  of  beta 
hemolysis . 
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Significance  to  Bio-Medical  Research  and  the  Program  of  the 
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Ins t  itute : 

These  studies  have  shown  that  the  ce 
hemolysins  are  very  different  from  the  ex 
all  studies  on  the  pathogenic  importance 
hemolysins  have  been  done  on  extracellula 
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Proposed  Course  of  Project: 

1.  Further  procedures  to  purify  PCH  will  be  investigated.  The 
possible  pathogenic  properties  of  potential  hemolysin  will  then 
be  tested  on  cells  or  cell  cultures,  and  in  test  animals. 

2.  Attempts  to  determine  the  structure  of  the  hemolytic  m.oiety 
will  be  undertaken.   If  the  amino  acid  composition  can  be  deter- 
mined and  the  hemolytic  moiety  pulse  labeled,  the  prosynthesis 
of  cellular  SLS  can  be  further  studied. 

3.  Continued  investigation  of  the  properties  and  characteristics 
of  the  active  cellular  hemolysin  will  be  done. 
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4.   Related  studies  will  include  investigations  into  the  bio- 
synthesis of  cellular  SLO  and  to  determine  the  characteristics 
of  a  presumed  maltase  of  streptococci. 

Honors  and  Awards: 

Invited  seminar,  "Cellular  SLS-related  hemolysins  of  Group 
A  Streptococci,"  Dept.  of  Medicine,  Division  of  Infectious 
Disease,  University  of  Texas  Medical  Center  at  San  Antonio, 

May  1974. 

Publications : 
None 
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1.   Streptococcal  Diseases 

3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Characteristics   of  "Group  H"  streptococci 

Previous  Serial  Number:   None 

Principal  Investigator:   Dr.  Gary  Calandra 

Other  Investigators:   Dr.  Kenneth  M.  Nugent 

Dr.  Roger  M.  Cole 
Dr.  Eskin  Huff 


Cooperating  Units:   None 


Man  Years 


NIAID        Other  NIH 
Lab.  Staff   Personnel 

Assigned 
to  Project 


Guest 
Workers 


TOTAL 


11/12 
11/12 


11/12 
11/12 


Total 

Profess  ional 

Other  -  -  _        _ 

Project  Description: 

Objectives : 

To  investigate  various  characteristics  (biochemical  reactions, 
morphology,  phage-host  ranges,  antigenic  structure,  cell  wall 
structure,  etc.)  of  those  streptococci,  usually  designated  as 
Streptococcus  sanguis  or  "Group  H" ,  which  may  aid  in  defining 
the  group.   Specifically,  in  this  year,  to  determine  their 
susceptibility  to  lysis  by  a  cell  wall  lysin  (Group  C  streptococcal 
phage-associated  lysin,  or  PAL). 

Methods  Employed: 

Routine  techniques  of  bacteriology,  biochemistry,  and  phage 
virology,  and  electron  microscopy. 
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Major  Findings: 


PAL  lyses  streptococci  o£  Group  A,  which  are  insu 
to  lysozyme  unless  specially  pre-treated.  To  determin 
relationship  in  strains  lumped  as  "Group  H" ,  as  well  a 
feasibility  o£  preparing  protoplasts  by  treatment  with 
lytic  enzymes,  we  tested  16  strains  in  our  collection, 
cells  of  8  strains  were  lysed  by  PAL;  3  strains  were  r 
resistant  and  5  were  completely  unsusceptible.  None  w 
to  lysozyme,  nor  were  their  isolated  walls.  However, 
walls  of  susceptible  strains  (but  not  of  others)  were 
degraded  by  PAL,  as  determined  by  electron  microscopy, 
susceptible  strains  reacted  with  a  "Group  H"  antiserum 
Blackburn) ,  but  not  with  antiserum  to  a  strain  (K208) 
erroneously  labelled  as  "Group  H" :  the  PAL-insusceptib 
reacted  oppositely.  Moreover,  PAL-susceptible  strains 
possessed  all  5  antigens  of  a  standard  Streptococcus  £ 
(strain  MS) ,  whereas  insusceptible  strains  possessed  o 
or  none  of  these  antigens. 
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In  attempts  to  clarify  the  nature 
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Protoplasts  of  strain  WE4  were  prepared,  using  PAL  with 
raffinose  and  0.1  M  mg2+  added  to  the  incubation  mixture.   Although 
PAL  was  most  active  in  the  presence  of  EDTA  and  was  partially 
inhibited  by  Mg2+,  protoplasts  remained  stable  only  in  the  presence 
of  the  high  Mg2+  concentration.   DNA,  subsequently  liberated  from 
the  protoplasts,  was  biologically  active  in  that  it  could  mediate 
transformation  of  rifampin  resistance.   Further  cellular  studies 
have  not  yet  been  undertaken. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the 
Institute :  ~~~~ 

In  addition  to  their  intrinsic  biological  and  genetic  interest, 
streptococci  considered  to  be  Streptococcus  sanguis  or  "Group  H" 
are  under  increasing  study  as  agents  of  endocarditis  and  craly 
dental  lesions.   Their  inclusion  in  a  single  serologic  group  is 
in  some  dispute,  and  additional  characterization  is  needed.   The 
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Proposed  Course  of  Project: 

As  time  and  personnel  permit,  we  expect  to  continue  charac- 
terization of  increasing  numbers  of  streptococcal  strains  which 
appear  to  be  Str.  sanguis  or  "Group  H" .   The   characterizations 
will  include  morphology  and  ultrastructure ,  colonv  type,  hemolysis, 
biochemical  reactions,  phage-host  ranges,  serology  and  antigenic 
structure- -as  well  as  the  most  immediate  problem  of  determining 
what  factors,  or  what  aspects  of  cell  wall  structure  and  chemistry, 
are  related  to  the   resistance  or  susceptibility  of  streptococcal 
walls  to  PAL  or  other  muralytic  enzymes. 

Honors  and  Awards : 
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None 

Publications : 

Calandra,  G.  B.,  Nugent,  K.  M. ,  and  Cole,  R.  M. :   Lysis 
of  cells,  degradation  of  walls,  and  formation  of  protoplasts  of 
Group  H  streptococci  by  Group  C  streptococcal  phage-associated 
lysin.   J.  Bacteriol.  (In  press) 
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1.   Streptococcal  Diseases 

2. 

3.   Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Reports 
July  1,  1973  through  June  30,  1974 

Project  Title:   Competence  development  and  genetic  transformation 

in  Group  H  and  Group  A  streptococci 

Previous  Serial  Number:   Same 
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Project  Description: 

Objectives : 

To  define  and  understand  the  events  induced  by  competence 
factor(s)  (CF) ,  which  initiates  the  genetically  competent  state 
in  Group  H  streptococci.   Current  efforts  are  directed  to  local- 
ization and  identification  in  the  bacterial  cell  of  the  sites 
for  CF  binding  and  subsequent  uptake  of  DNA 

Methods  Employed: 

The  usual  methods  in  microbial  genetics  were  employed.   In 
addition,  streptococcal  cell  fractions  were  prepared  by  proto- 
plasting  (with  Group  C  streptococcal  phage-associated  lysin)  in 
hypertonic  raf f inose-containing  buffer  (method  of  Schade,  NIAID 
63C,  1971-72) --followed  by  differential  centrifugations ,  protoplast 
lysis,  etc.  to  separate  them  into  cell  walls,  cytoplasmic  membranes, 
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mesosomal  vesicles,  and  soluble  cytoplasmic  material  (See  Theodore 
et  al,  NIAID  63B,  1971-72,  for  methods).   Some  fractions  were 
prepared  by  direct  mechanical  cell  breakage,  omitting  the  proto- 
plasting  step.   All  fractions  were  monitored  for  homogeneity  by 
electron  microscopy.    CF  activity  in  each  of  the  cell  fractions 
was  determined  by  releasing  the  bound  CF  by  heating  the  fraction 
at  pH  2.0,  and  by  subsequent  competence-producing  assay  of  the 
released  material. 

Maj  or  Findings : 

We  reported  earlier  that  only  added  or  extracellular  CF  that 
is  adsorbed  by  pre-competent  cells  is  the  effective  inducer  of 
competence  in  either  CF  producing  (Challis)  or  CF-non-producing 
(Wicky)  cultures.   We  also  reported  the  requirement  for  different 
periods  of  protein  synthesis  for  competence  development  after  CF 
addition . 


Studies  reported  here  were  initiated  in  efforts  to  localize 
the  binding  sites  of  CF  in  pre-competent  cells  and  to  follow  any 
possibly  different  attachment  sites  of  CF  throughout  the  period 
of  competence  induction  and  subsequent  DNA  uptake. 
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Conditions  and  procedures  were  developed  to  recover  and 
quantitate  cell-bound  CF  from  the  isolated  fraction.^.   Total 
cell-bound  CF  is  defined  as  the  amount  of  CF  extracted  from  the 
washed,  intact  cells,  prior  to  their  fractionation.   Total  cell- 
bound  CF  is  determined  for  each  fractionation  experiment  and 
arbitrarily   represents  100%  value  of  bound  CF.   The  amount  of 
CF  in  each  cell  fraction  is  then  determined  and  is  expressed  as 
a  percent  of  the  total  cell-bound  CF. 


we 


Using  modifications  of  the  fractionation  procedures  described,  ^ 
obtained  concentrated  mesosomal  and  membrane  fractions  from      ^ 
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Group  H  streptococcus,  strain  Wicky,  of  high  homogeneity  (as 
observed  by  electron  microscopy) . 

By  mechanical  disintegration,  we  obtained  clean  cell-wall 
fractions  from  strain  Wicky  cells. 

Using  these  conditions  and  procedures,  we  made  the  following 
observations: 


1  f 


1.  AS  min  contac 
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2.   When  similar  pre-competent  cells  were  exposed  to  CF  for 
5  min  during  concomitant  protein  synthesis,  over  1%    of  the  total 
amount  of  CF  that  these  cells  are  capable  of  binding,  was  bound. 
After  this  5  min  period  of  protein  synthesis  the  cells  were  not 
competent  but  the  cell-bound  CF  is  no  longer  sensitive  to  inacti- 
vation  by  trypsin.   In  addition,  the  bulk  of  the  cell-bound  CF 
was  found  in  the  membrane  fraction,  although  measurable  trace 
amounts  were  also  found  in  cell  wall  and  mesosome  fractions. 
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It  can  then  be  concluded  that  only  trace  amounts  of  cell- 
bound  CF  are  actually  required  for  competence  induction,  although 
pre-competent  Wicky  cells  can  bind  over  1,000-fold  more  CF  than 
needed.   However,  since  measurable  amounts  of  cell-bound  CF  were 
found  at  different  and  multiple  sites  (cell  wall,  membrane, 


27 


(1 

i 

\ 

i 

/"/  ' 


Serial  No.  NIAID  65C 

mesosome,  and  soluble  fractions)  after  the  onset  of  protein 
synthesis,  it  is  impossible  at  present  to  determine  where  the 
competence- inducing  effect  of  CF  is  actually  initiated. 
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These  results  raise 
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Significance  to  Bio-Medical  Research  and  the  Program  of  the 
Institute : 


The  present  findings 
for  competence  induction, 
may  be  bound  by  the  pre-c 
possible  hormone-like  act 
the  need  for  new  approach 
determine  how  such  small 
product  can  induce  such 
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would  be  of  great   value 


that  only  trace  amounts  of  CF  are  required 
although  significant  excess  amounts 
ompetent  cells,  further  emphasizes  the 
ion  of  CF.   The  findings  further  emphasized 
es  and  more  quantitative  techniques  to 
quantities  of  this  biologically  active 

permeability  changes  in  a  bacterial 
tracellular  DNA  to  be  taken  in  and  thus 
y,  an  understanding  of  this  mechanism 
in  other  systems  involving  DNA  uptake. 
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Proposed  Course  of  Project: 

We  plan  to  continue  studying  the  mechanism  of  competence 
induction  in  Group  H  streptococci.   We  want  to  determine  the  nature 
of  CF  and  of  the  CF  and  DNA  binding  sites  in  the  bacterial  cell. 
We  plan  to  study  further  the  effects  of  lysogeny  in  transformation. 

Honors  and  Awards: 

Received  Superior  Service  Award,  May  1974. 
Publications : 

Leonard,  C.  G.:   Early  events  in  development  of  streptococcal 
competence.   J.  Bacteriol.  114:  1198-1205,  1973. 
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Project  Description: 

Objectives : 

To  define  the  role  that  autolysins  play  in  the  development 
of  competence  in  Streptococcus  sanguis  cultures. 

Methods  Employed: 

Standard  microbiological  and  chemical  methods  are  used.   See 
previous  reports  for  details. 

Major  Findings: 

Evidence  presented  in  an  earlier  report  showed  that  competence 
development  (the  ability  of  some  bacterial  strains  to  react  with 
exogenously  supplied  deoxyribonucleic  acid,  DNA ,  and  thereby 
becom.e  genetically  changed  or  transformed)  involved  the  induction 
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of  new  proteins.   One  protein  was  manifested  as  a  single  band 
in  polyacrylamide  gels  after  subjecting  acidif ied-phenol  extracts 
of  whole  competent  cells  to  electrophoresis.   The  other  protein 
was  manifested  as  an  autolysin  (an  enzyme  capable  of  causing 
limited  dissolution  of  the  bacterial  cell  wall  producing  cell 
lysis  under  certain  conditions) . 

Recent  kinetic  evidence  suggested  that  the  development 
of  competence  was  integrated  with  the  expression  of  the  autolytic 
enzyme;  both  the  cells'  ability  to  autolyze  and  their  ability  to 
undergo  genetic  transformation  occurred  simultaneously.   More- 
over, in  17  strains  of  Streptococcus  sanguis  studied,  cells  that 
could  transform  but  could  not  autolyze ,  were  not  found.   The 
converse,  however,  was  found.   These  latter  cells  possibly  do 
not  undergo  genetic  trans form.at ion  for  other  reasons,   i.e.,  they 
lack  the  ability  to  bind  DNA  or  to  recombine  DNA . 
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The  latter  protein  may  be  directly 
to  cells.   Moreover,  the  data  obtained 
can  selectively  inhibit  the  de  novo 
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In  other  experiments,  it  was  shown  that  the  competent  cells' 
ability  to  bind  DNA  was  due  to  a  moiety  that  contains  amino 
acids,  i.e.,  a  protein  or  polypeptide.   This  was  aemonstrated 
directly  by  treating  competent  cells  with  sodium  meta  periodate 
at  either  0 C  or  at   37  C.   At  37  C,  periodate  oxidizes  both 
carbohydrates  and  certain  am.ino  acids  in  peptide  chains;  at  0  C, 
periodate  oxidizes  only  carbohydrates.   When  competent  cells 
were  treated  with  periodate  (5  mM)  at  37  C  for  10  min,  they  lost 
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921  of  their  ability  to  undergo  genetic  transformation;  at 
0  C,  they  lost  only  50"o.   The  decrease  observed  at  37  C  was 
directly  related  to  a  decrease  in  the  cells  ability  to  bind 
DNA.   When  10  mM  periodate  was  used,  transformation  decreased 
96^  at  0  C  and  99^  at  37  C.   This  result  strongly   suggests 
that  the  DNA  binding  proteins  are  attached  to  a  carbohydrate 
backbone  or  core. 


Significance  to  Bio-Medical  Research  and  the  Program  of  the 
Institute : 


The  nature  of  gen 
likened  in  some  respec 
the  uptake  of  naked  de 
Continuing  findings  fr 
of  a  cell-wall -splitti 
newly- formed  in  compet 
binding  in  Streptococc 


which  can  be  turned  on 
and  for  which  (from  as 
on  bacteriophages  and 
offers  the  best  opport 
delineating  the  nature 
in  new  genetic  informa 


etic 
ts  to 
oxyri 
om  th 
ng  en 
ent  c 
us  sa 
'~Ey  a 
socia 
bacte 
unity 

and 
tion 


compe 
an  i 
bonuc 
is  pr 
zyme 
ells  , 
nguis 
"tilT 
ted  p 
rioph 
amon 
seque 
in  th 


tence  in  bacteria 
nfectious  process 
leic  acid  (DNA) , 
oject  have  indica 
(autolysin) ,  and 
in  achieving  DNA 
(Group  H) .   This 
ned,  soluble  comp 
rojects)  we  have 
age-mediated  gene 
g  transformable  b 
nee  of  steps,  whi 
e  recipient  cell. 


,  which  can  be 

as  regards 
is  unknown, 
ted  the  importance 
another  protein 

entry  and 

bacterial  system, 
etence  factor 
adjunct  information 
tic  exchange, 
acteria  for 
ch  culminate 


Proposed  Course  of  Project: 


Although  the  nature  of  the  newly-synthesized  competent  cell- 
associated  protein  is  beginning  to  be  clarified,  its  location 
is  still  unknown.   In  addition,  the  nature  of  the  autolysin-- 
as  determined  by  end  products  of  cell  wall   dissolution  by  a 
purified  preparation- -has  yet  to  be  discovered.   I  plan  to 
continue  investigation  in  these  directions. 

Honors  and  Awards : 

Lecturer,  NIH  Graduate  School,  Foundation  for  Advanced 
Education  in  the  Sciences. 

Participant  at  the  XVII  Annual  Meeting  on  Microbial  Trans- 
formation, Topoco,  North  Carolina;  June,  1973. 

Publications : 
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Ranhand,  J.  M. :   Autolytic  activity  and  its  association  with 
the  development  of  competence  in  Group  H  streptococci.   J.  BacterioL 
115:  607-614,  1973. 
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Ranhand,  J.  M, :   Inhibition  o£  the  development  of  competence 
in  Streptococcus  sanguis  (Wicky)  by  reagents  that  interact  with 
sulthydryl  groups"   Discernment  of  the 
J.  Bacteriol.  (in  press,  June   1974) 


competence  process 


Ranhand,  J.  M. :   Inhibition  of  transformation  by  sodium 
metaperiodate  in  Streptococcus  sanguis  (Wicky) .   Demonstration 
that  deoxyribonucleic  acid  binding  sites  contain  amino  acids. 
J.  Bacteriol.  (In  press,  June  1974) 
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Laboratory  of  Biology  of  Viruses 


Research  efforts  of  the  Laboratory  of  Biology  of  Viruses  continue  to  be 
directed  toward  learning  how  human  and  other  animal  viruses  infect  cells, 
replicate,  integrate  into  the  host  genome  and  produce  the  transformed 
state.   Attention  is  given  to  the  elucidation  of  specific  viral  functions 
which  could  provide  targets  for  future  viral  chemotherapy.   The  Laboratory 
is  distinguished  by  the  molecular  and  biochemical  approach  used  in  these 
studies.   The  past  year  has  been  a  highly  productive  one  and  many  notable 
findings  with  regard  to  the  structure,  synthesis  and  transcription  of  the 
viral  genetic  material  and  to  the  characterization  of  unique  viral  enzymes 
and  structural  proteins  have  been  made.  Members  of  LBV  form  a  cohesive 
unit  of  indivuduals  who  are  expert  in  different  areas  of  molecular  biology. 
Dr.  Norman  P.  Salzman,  the  laboratory  chief  has  spent  the  past  year  In  the 
Department  of  Molecular  Biology  at  the  University  of  Geneva  learning  ad- 
vanced methods  of  electron  microscopy  while  Dr.  Bernard  Moss  has  served 
as  Acting  Chief. 

Structure,  synthesis,  and  transcription  of  papovavirus  DNA 

A  major  portion  of  the  laboratory  efforts  have  been  directed  to  the  papova- 
viruses.   This  group  of  small  DNA  viruses  is  of  particular  interest  because 
of  their  ability  to  transform  cells  and  their  recent  isolation  from  patients 
with  neurological  diseases  and  immunological  deficiencies.   New  studies  on 
the  structure,  synthesis  and  transcription  of  the  DNA  of  SV40  and  other 
papovaviruses  are  summarized  below. 


Cleavage  of  polyoma  DNA  with  restriction  endonucleases .   Restriction  endo- 
nucleases  have  previously  been  used  in  this  laboratory  to  specifically  cleave 
SVAO  DNA.   These  studies  have  now  been  extended  to  polyoma  virus.   Four  frag- 
ments representing  61%,  26%,  8%,  and  5%  of  the  original  DNA  were  obtained  with 
the  restriction  enzyme  R'Hin.   These  fragments  were  ordered  by  analysis  of 
partial  digest  products  (Chen  and  Salzman) . 

Localization  of  single-stranded  regions  in  superhelical  SVAO  DNA.   The 
single-stranded  regions  of  superhelical  SV40  DNA  were  labeled  with  a 
radioactive  water  soluble  carbodiimide  and  analyzed  with  restriction  endo- 
nucleases.  The  bound  substltuent  was  associated  with  3  of  the  11  cleavage 
fragments  (Chen,  Lebowitz,  and  Salzman,  N.). 

Presence  of  pyrimidine  runs  in  SV40  DNA.   Analysis  of  SVAO  DNA  indicates 
the  presence  of  several  long  tracts  of  pyrimidines  in  one  copy  per  SVAO 
genome.   They  would  not  be  expected  on  a  purely  random  basis  and  presuma- 
bly are  present  for  an  important  biological  function  (Kasselberg  and  Salzman,  N.) 


Mechanism  of  SVAO  DNA  replication.   SVAO  DNA  chain  growth  occurs  by  a 
discontinuous  mechanism  in  which  AS  DNA  fragments  are  made  and  then 
joined  to  growing  DNA  chains.   Analysis  of  these  fragments  by  polyacryla- 
mide  gel  electrophoresis  indicates  considerable  heterogeneity  in  size 
(Thoren  and  Salzman,  N.). 
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New  method  for  Isolation  of  a  restriction  enzyme  from  Hemophilus  parainfluenza. 
The  restriction  enzyme  Hpa  I  from  Hemophilus  parainf luenzae  was  isolated 
and  characterized  after  purification  by  a  new  method.   The  enzyme  was  used 
to  cleave  SV40  DNA,  mitochondrial  DNA  and  Vero  cell  DNA  into  unique  fragments 
(DeFilippes) . 

Defective  forms  of  SVAO  DNA.   Propagation  of  SV40  at  high  input  multiplicities 
has  been  shown  to  result  in  extensive  alterations  and  rearrangements  of  viral 
genetic  information.   The  reassortment  of  viral  genetic  information  has  re- 
sulted in  the  generation  of  circular  DNA  molecules  consisting  of  the  reitera- 
tion of  a  specific  one-third  of  the  viral  genome.   In  all  cases,  the  initiation 
site  for  DNA  replication  has  been  preserved.   In  the  "triplicated"  circular 
viral  DNA  we  have  studied  most  extensively,  the  sites  of  recombination  which 
give  rise  to  the  rearranged  genome,  correspond  very  closely  with  those  present 
in  several  of  the  adeno-SV40  hybrid  viruses.   Such  sites  may  assiime  an  impor- 
tant role  during  the  integration  of  the  SV40  genome  into  cellular  DNA  (Martin, 
Howley,  Khoury) . 

Biochemical  relationship  of  human  isolates  of  papova  viruses  to  SV40.   The 
DNA  of  a  papova  virus  isolate  from  the  urine  of  patients  receiving  renal 
transplants  (BK  virus)  and  SV40  DNA  have  been  compared.   The  studies  indi- 
cated that  BK  DNA  is  circular,  supercoiled,  and  slightly  smaller  than 
SV40  DNA.   At  present,  the  virus  DNA  examined  is  considerably  more  hetero- 
geneous than  SV40  which  may  reflect  the  methods  used  for  its  propagation. 
Nucleic  acid  hybridization  studies  suggest  that  10-20%  of  the  sequences 
present  in  BK  DNA  are  homologous  to  SV40  DNA  (Howley,  Martin,  Khoury). 

Isolation  of  specific  SV40  DNA  sequences  by  affinity  chromatography.   A 
method  of  affinity  chromatography  based  on  RNA-DNA  hybridization  was 
developed  for  specific  sequence  isolation.   SV40  DNA  fragments  were  cova- 
lently  immobilized  to  neutral  cellulose  powder  by  a  water  soluble  carbodiimide. 
SV40  cRNA,  synthesized  in  vitro,  was  securely  immobilized  onto  phosphocellulose 
powder  activated  by  carbonyldiimidazole.   The  immobilized  SV40  DNA  or  RNA  is 
able  to  efficiently  isolate  complementary  SV40  RNA  or  DNA  sequences  in  the 
presence  of  vast  excess  of  unrelated  sequences  in  a  continuous  hybridization 
system  (Shih,  Martin,  Khoury). 

Topographical  location  of  SV40  DNA  sequences  expressed  in  virus-free  trans- 
formed cells.   The  predominant  class  of  stable,  viral  specific  RNA  is  comple- 
mentary to  the  "early"  region  of  the  SV40  genome.   In  addition,  less  abundant 
species  of  viral  RNA  are  present  in  transformed  cells  which  are  transcribed 
from  regions  of  SV40  DNA  immediately  adjacent  to  the  "early"  region.   This 
latter  class  of  viral-specific  RNA  is  complementary  to  DNA  sequences  located 
predominantly  at  the  5'  end  of  the  "early"  region  and  may  reflact  "read 
through"  of  the  integrated  SV40  genome  from  cellular  DNA.   In  its  integrated 
form  (i.e.,  linked  to  cellular  or  other  viral  DNAs)  the  minus  strand  of  SV40 
DNA  is  preferentially  transcribed  into  stable  RNA  species  (Khoury  and  Martin) . 

Expression  of  SV40  DNA  from  Adeno-SV40  hybrid  viruses.   The  non-defective 
Adeno-SV40  hybrid  viruses  (AdND"^)  contain  DNA  consisting  principally  of 
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adenovirus  DNA  and  varying,  but  specific  portions  of  SV40  DNA.   The 
expression  of  SV40  DNA  "integrated"  into  such  adenovirus  DNA  molecules 
was  evaluated  by  reacting  unlabeled  RNA  from  cells  productively  infected 
with  Ad  ND  virions.   In  each  case  DNA  sequences  present  on  the  "early" 
DNA  strand  reacted  with  infected  cellular  RNA;  no  hybridization  was 
observed  with  the  "late"  strand  of  SV40  DNA.   In  addition  the  extent  of 
the  reaction  was  related  to  the  amount  of  SV40  DNA  present  in  the  hybrid 
virus  genome  (Khoury  and  Martin) . 

Transcription  of  SV40  RNA  from  chromatin  of  transformed  cells.   SV40 
specific  RNA  was  transcribed  from  chromatin  of  SV40  transformed  cells  by 
E^.  coli  RNA  polymerase.   It  was  complementary  to  the  minus  strand  of  SV40 
DNA  (Shih,  Martin,  and  Khoury). 


Papovavirus  Proteins 

The  genome  of  papovaviruses  is  large  enough  to  code  for  only  6  to  8  different 
proteins,  thus  making  it  feasible  to  eventually  identify  all  the  gene  products. 

Isolation  of  SV40  induced  proteins  from  infected  cells.   Affinity  chromato- 
graphy  employing  immunosorbents  prepared  with  antibody  against  SV40  virus 
specific  proteins  has  been  used  as  a  probe  for  the  isolation  of  early 
viral  proteins.   Approximately  5  to  10  percent  of  the  polypeptides  synthe- 
sized after  infection  are  identical  to  the  two  major  structural  proteins  of 
the  virion,  the  coat  proteins.   These  appear  after  the  onset  of  viral  DNA 
synthesis.   Prior  to  viral  DNA  synthesis,  there  appears  two  polypeptides 
which  are  virus  induced  and  not  structural  proteins.   One  of  the  proteins 
has  a  molecular  weight  of  approximately  70,000  (Barban) . 


Subunit  composition  of  the  SV40  capsid  proteins.   Previous  studies  suggested 
that  the  main  coat  protein  of  SV40  is  composed  of  two  identical  subunits. 
Additional  evidence  has  now  been  obtained  by  amino  acid  analyses  and  peptide 
mapping  technique  to  substantiate  the  earlier  findings  (Barban) . 

Isolation  of  a  protein  that  binds  to  DNA.   A  protein  which  binds  to  denatured 
DNA  and  a  specific  55S  nucleoprotein  complex  has  been  isolated  from  SV40 
infected  cells  (Sebring,  Zweig,  Salzman,  N.). 

Structure  and  Synthesis  of  Adenovirus  DNA 

The  adenoviruses  are  human  pathogens  that  also  possess  the  ability  to  trans- 
form cells.   Significant  new  information  about  the  structure  and  synthesis 
of  the  DNA  of  these  viruses,  which  is  larger  than  that  of  the  papovaviruses, 
is  summarized  below. 
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Arrangement  of  repeated  sequences  near  the  termini  of  adenovirus  18  DNA  is 
characterized.   The  DNA  of  all  adenoviruses  so  far  examined  contains  an 
inverted  terminal  repetition.   Owing  to  these  repetitious  sequences  the 
ends  of  denatured  DNA  molecules  can  self-anneal  to  form  single-stranded 
circles  closed  by  a  duplex  hydrogen-bonded  segment.   However,  in  contrast 
to  the  circular  molecules  produced  with  DNA  from  all  other  serotypes,  there 
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was  associated  with  each  Ad  18  circular  molecule  a  visible,  apparently  duplex, 
projection  representing  approximately  6%  of  the  genome.   Occassionally  longer 
duplex  projections  have  also  been  observed.   Based  on  apparent  resistance 
to  N.  crassa  nucleases,  denaturation  in  87%  formamide,  and  detection  of 
specific  heteroduplexes  predicted  from  annealing  of  strands  which  contain 
terminal  repetitions  of  different  lengths  we  conclude  that  Ad  18  DNA  has 
an  unusually  large  (occasionally  variable)  inverted  terminal  repetition 
and  that  single-stranded  circles  are  closed  by  a  duplex,  antiparallel 
base-paired  "panhandle"  (Garon  and  Rose) . 

Cleavage  of  adenovirus  heteroduplexes  into  unique  fragments  using  N.  Crassa 
nucleases.   Heterodupiex  molecules  constructed  with  DNA  from  several  adeno- 
virus  serotypes  could  be  clearly  separated  from  homoduplexes  using  a 
benzoylated-naphthoylated-DEAE-cellulose  (END)  column.   Treatment  of  the 
heterodupiex  fraction  with  single-strand  specific  nucleases  from  N.  crassa 
produced  fragments  which  correspond  in  size  to  the  three  double-stranded 
regions  of  the  intact  heterodupiex  molecule.   The  fragments,  free  of  both 
internal  single-strand  breaks  and  single-strand  tails  have  been  isolated 
preparatively  from  neutral  sucrose  gradients.   Renaturation  kinetic  analyses 
support  the  conclusion  that  each  fragment  represents  a  unique  segment  of 
the  adenovirus  genome.   The  treatment  of  purified  heterodupiex  molecules 
with  single-strand  specific  nucleases  provides  a  procedure  for  generating 
preparative  quantitites  of  both  physically  and  genetically  defined  fragments 
by  a  method  that  does  not  depend  on  the  recognition  of  sequence-specific 
cleavage  sites.   Furthermore,  the  procedure  is  potentially  applicable  to 
the  fractionation  of  any  duplex  polynucleotide  molecule  that  contains  uniquely 
located,  and  perhaps  artificially  introduced,  distortions  of  the  helix  (Garon 
and  Rose) . 

Analysis  of  single-stranded  DNA  synthesized  during  infection  suggests  mechanism 
of  adenovirus  DNA  synthesis.   Single-stranded  fragments  of  adenovirus  type  2 
DNA  can  be  isolated  from  infected  KB  cells  under  conditions  which  retarded 
reassociation  of  complementary  sequences  but  do  not  denature  native  viral 
DNA.   Of  the  total  intracellular,  virus-specific  DNA,  recovered  from  cells  at 
high  efficiencies  after  a  1  hr  pulse  with  -^H-dThd  beginning  15  hr  after 
infection,  about  20%  is  single-stranded  when  fractionated  on  hydroxyapatite. 
This  DNA  shifts  to  the  double-stranded  fraction  on  hydroxyapatite  during  an 
extended  chase  incubation  suggesting  the  presence  of  single-stranded  DNA  in 
replicating  intermediates.   Furthermore,  single-stranded  DNA  anneals  nearly 
equally  to  both  strands  of  the  adenovirus  genome.   These  findings  are  con- 
sistent with  a  model  of  DNA  replication  involving  strand-displacement  with 
synthesis  of  the  displaced  strand  being  initiated  from  either  end  of  the 
parent  template  (Garon  and  Rose) . 

Phleomycin,  an  antibiotic  with  antitumor  activity,  produces  single-strand 
breaks  in  viral  DNA.   Phleomycin  was  found  to  produce  single-strand  breaks 
in  purified  adenovirus  and  phage   deoxyribonucleic  acid.   A  reducing  agent 
was  required  and  both  native  and  single-stranded  deoxyribonucleic  acids 
were  substrates  for  this  activity.   The  limit  reaction  products  were  acid 
insoluble  and  sedimented  at  5  S  or  less  in  sucrose  density  gradients.   The 
deoxyribonucleic  acid  cleaving  activity  of  phleomycin  could  be  measured 
by  a  nitrocellulose  filter  binding  assay  and  characteristics  of  this  assay 


i 


i 


are  described.   Ribonucleic  acid  did  not  appear  to  be  cleaved  by  phleomycin 
(Garon  and  Rose) . 

Structure,  synthesis  and  transcription  of  parvovirus  DNA 

The  parvoviruses  are  DNA-containing  viruses  which  are  even  smaller  than 
the  papovaviruses  and  have  recently  been  implicated  in  the  pathogenesis  of 
viral  hepatitis  and  viral  gastroenteritis.   Two  members  of  this  group, 
adenovirus-associated  virus  (AAV) ,  a  defective  virus  that  only  replicates  in 
the  presence  of  adenovirus  and  Kilham  rat  virus,  a  non-defective  virus,  have 
been  investigated. 

Messenger  RNA  transcribed  from  the  AAV  genome  may  represent  a  single, 
monocystronic  species.   Viral  RNA  analyses  revealed  two  populations  of 
AAV  RNA,  (i)  a  single,  discrete  20S  species  and  (ii)  a  very  heterogeneous 
population  ranging  in  size  from  AS  to  18S.   In  the  nucleus  both  populations 
of  AAV  RNA  were  observed  but  in  the  cytoplasm  the  20S  RNA  was  mainly  present 
in  the  polysome  fraction  and  the  heterogeneous  RNA  was  mainly  in  the  non-poly- 
somal  fraction.   The  20S  RNA,  therefore,  appears  to  be  the  only  functional 
AAV  message  species.   The  heterogeneous  AAV  RNA  may  arise  frrm  incomplete 
transcription  or  degradation  of  the  20S  RNA  in  the  nucleus  or  cytoplasm. 
The  molecular  weight  of  the  20S  AAV  RNA  was  approximately  0.9  to  1.0  x  10^ 
which  accounts  for  the  entire  region  of  the  AAV  genome  that  is  stably 
transcribed.   This  20S  RNA  may  be  monocistronic  and  thus  AAV  DNA  may  con- 
tain only  one  gene  (Carter  and  Rose) . 

Electron  microscopic  heteroduplex  mapping  technique  used  to  analyze  genetic 
relatedness  among  AAV  serotypes.   When  heteroduplex  DNA  molecules  were  pre- 
pared with  any  combination  of  AAV-1,  -2  or  -3  DNA,  regions  containing  hetero- 
logy melted  out  progressively  as  denaturing  conditions  were  increased.   This 
indicates  that  partial  homology  is  present  within  these  regions,  and  suggests 
that  sequence  differences  among  the  serotypes  have  arisen  by  retention  of 
random  base  changes.   In  addition,  interserotypic  homologies  physically 
mapped  at  similar  locations,  indicating  that  the  same  sequences  are  conserved 
in  all  three  serotypes.   No  melting  was  observed  in  homoduplex  molecules 
spread  under  similar  conditions.   Because  single-stranded  circles  remain 
essentially  intact  under  the  same  spreading  conditions,  open  heteroduplex 
ends  mean  that  the  terminal  self-complementary  sequences  are  not  completely 
conserved  among  different  serotypes.   Although  competition  hybridization 
indicates  that  at  least  60-70%  of  sequences  in  AAV-1,  -2  and  -3  DNA  are 
homologous,  heteroduplex  melting  studies  suggest  that  interserotypic  homolo- 
gies actually  approach  90-95%  (Rose  and  Koczot) . 

Heteroduplex  structure  indicates  terminal  base  arrangement  in  AAV  DNA.  When 
heteroduplex  DNA  molecules,  prepared  with  any  combination  of  AAV-1,  -2,  or 
-3  DNA,  were  spread  in  high  concentrations  of  formamide,  self -annealed 
strand  ends  could  be  specifically  located  and  "panhandle"  structures  readily 
identified.   These  projections  confirmed  the  mode  of  terminal  base  arrange- 
ment which  previously  had  been  uncertain.   From  the  length  of  these  projec- 
tions it  was  estimated  that  the  terminal  repetition  in  AAV  DNA  is  equivalent 
to  4-8%  of  total  strand  DNA  (100-200  base  pairs)  (Koczot  and  Rose) . 
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DNA  polymerase  associated  with  purified  KRV  and  the  cell  line  in  which  it  is 
grown  were  purified  and  characterized.   A  DNA  polymerase  associated  with 
purified  Kilham  rat  virus  (KRV)  has  been  soliibilized  and  characterized.   The 
enzyme  requires  4  nucleoside  triphosphates,  a  divalent  cation  either  Mg++ 
or  Mn"^.   The  enzyme  activity  in  the  presence  of  Mg"^  is  stimulated  two  to 
three  fold  by  the  addition  of  0.02  M  KCl.   The  enzyme  has  a  strong  template 
preference  for  a  synthetic  DNA  polymer  containing  deoxyadenylate  and 
deoxy thymidylate . 

The  DNA  polymerases  from  the  rat  nephroma  cell  line  in  which  KRV  is  grown 
were  also  studied.   Two  polymerases  were  identified  in  the  cell  cytoplasm 
and  two  additional  major  ones  in  the  nucleus.   The  enzymes  were  all  purified, 
characterized  and  compared  to  the  viral  associated  enzyme.   One  cytoplasmic 
enzyme  Cj-^   resembles  the  KRV-associated  enzyme  in  its  stimulation  by  0.02  M  KCl 
but  differs  from  the  viral  associated  enzyme  in  its  template  specificity  and 
cation  requirements  (Salzman,  L.). 

Kilham  Rat  Virus  specific  RNA  S3mthesized  after  infection.   RNA  from  infected 
cells  was  shown  to  be  specific  for  KRV  by  analysis  of  its  nucleotide  base 
ratios  and  hybridization  with  KRV  and  cellular  DNA.   Viral  RNA  synthesis 
was  detected  by  2  hours  after  infection  of  cells  prior  to  viral  DNA  synthesis 
is  initiated.   The  viral  RNA  has  a  sedimentation  coefficient  of  approximately 
18S  in  dimethylsulfoxide-sucrose  gradients  and  a  calculated  molecular  weight 
of  6.5  to  7.5  X  10^.   If  the  viral  specific  RNA  is  a  homogeneous  species,  it 
would  account  for  40  to  50%  of  the  viral  genome  (Salzman,  L.). 

Characterization  and  synthesis  of  poxvirus  enzymes 
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Laboratory  interest  in  the  poxviruses,  the  largest  and  most  complex  of  the 
DNA  viruses,  has  been  directed  chiefly  toward  the  enzymes  contained  within 
the  core.   These  enzymes  may  be  involved  in  transcription  of  the  early 
genes. 

Purification  and  characterization  of  a  poly  A  polymerase  from  vaccinia  virus. 
Eukaryotic  and  viral  mRNA  species  contain  long  poly  A  sequences.   A  poly  A 
polymerase  was  purified  several  hundred  fold  from  vaccinia  virus  cores.   The 
most  important  property  of  the  enzyme  is  its  ability  to  add  adenylate  residues 
to  RNA  or  DNA  primers.   This  was  demonstrated  by  a  variety  of  methods  includ- 
ing changes  in  sedimentation  of  the  poly  A  after  ribonuclease  or  deoxyribo- 
nuclease  digestion  and  by  isotope  transfer  or  nearest  neighbor  analysis  (Moss) . 

Purification  and  characterization  of  a  novel  protein  kinase  from  vaccinia 
virus .   Protein  kinases  have  been  shown  to  play  a  role  in  regulation  in 
eukaryotic  cells.   The  incorporation  of  -^^P-ATP  f rom  ^ -^^P-ATP  into  viral  pro- 
teins by  partially  disrupted  vaccinia  virus  is  stimulated  by  protamine.   A 
protein  kinase  that  phosphorylates  specific  virus  proteins  and  which  is  depend- 
ent on  protamine  for  activity  was  purified  several  hundred  iold  from  vaccinia 
cores  and  extensively  characterized.   In  addition,  2  virus  acceptor  proteins 
were  isolated  and  characterized  by  gel  filtration,  peptide  mapping  and  amino 
acid  analysis  (Kleiman  and  Moss) . 


0^^!f0'^'-  '■' 


Induction  of  nucleic  acid -dependent  ptiosphohydrolases  following  vaccinia 
virus  infection.   Two  nucleic  acid-dependent  phosphohydrolases  were  puri- 
fied from  vaccinia  virus  cores  and  shown  to  be  immunologically  distinct. 
Both  enzymes  were  induced  in  HeLa  cells  following  vaccinia  infection;  they 
could  not  be  detected  in  uninfected  cells.   Further  studies  with  metabolic 
inhibitors  and  specific  antiviral  drugs  indicated  that  the  enzymes  are 
synthesized  de-novo  after  vaccinia  infection,  primarily  after  the  stage  of 
viral  DNA  synthesis  (Paoletti  and  Moss) . 

Stability  of  HeLa  cell  mRNA  following  vaccinia  virus  infection.   The 
inhibition  of  host  protein  synthesis  by  vaccinia  virus  is  accompanied  by  a 
rapid  decrease  in  the  size  of  polyribosomes.   This  polyribosome  breakdown  is 
not  caused  by  extensive  degradation  of  HeLa  cell  mRNA  and  other  possible 
mechanisms  are  being  explored  (Rosemond-Hornbeak  and  Moss) . 
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Project  Description: 

Objectives: 

To  elucidate  the  process  of  viral  DNA  transcription  under  conditions  of 
productive  and  transforming  infection. 

To  examine  the  mechanisms  involved  in  the  integration  of  viral  genetic 
material  into  the  animal  cell  genome. 

To  determine  the  relationship  between  papovaviruses  isolated  from  human 
sources  and  laboratory  forms  of  these  agents  such  as  SV40  and  polyoma. 

Methods  Employed : 

Simian  virus  (SV)  40  was  propagated  in  green  monkey  cells  and  purified 
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by  isopycnic  centrifugation  In  CsCl.  SV40  DNA  and  cellular  DNA  were  prepared 
by  SDS  treatment  and  phenol  extraction  from  uninfected,  productively  infected 
or  transformed  mammalian  cells.  Viral  DNA  was  analyzed  by  isopycnic  centrifu- 
gation, velocity  rate  sedimentation  under  neutral  and  alkaline  conditions, 
electrophoresis  through  agarose  or  polyacrylamide  gels,  sensitivity  to  speci- 
fic bacterial  restriction  endonucleases  and  nucleic  acid  hybridization.  SV40 
specific  RNA  was  prepared  from  lytically  infected  or  transformed  monkey  cells 
and  analyzed  by  hybridization  techniques  employing  separated  strands  of  viral 
DNA. 


Major  Findings; 

A.   SV40  DNA  Transcription 


In  collaboration  with  Dr.  Daniel  Nathans  we  reported  the  topographical 
location  of  DNA  sequences  complementary  to  stable  species  of  "early" 
and  "late"  lytic  RNA  on  the  physical  map  of  the  viral  genome.   These 
studies  were  extended  to  a  series  of  vimas-free  transformed  cells.   In 
each  case,  the  predominant  species  of  viral  RNA  was  complementary  to 
DNA  sequences  physically  located  in  the  "early"  region  of  the  viral 
genome.   In  addition,  a  less  abundant  yet  stable  class  of  RNA  was  pre- 
sent in  the  transformed  cell  lines  examined  which  specifically  reacted 
with  the  portions  of  the  "early"  (or  minus)  DNA  strand  that  were  adja- 
cent to  the  "early"  region.   This  latter  class  of  viral  RNA  does  not 
appear  in  a  stable  form  during  the  lytic  cycle  and  is  currently  being 
evaluated  in  studies  dealing  with  factors  which  regulate  viral  gene 
expression. 


2.   The  non-defective  Adeno-SV40  hybrid  viruses  (AdND  )  contain  DNA  consist- 
ing principally  of  adenovirus  DNA  and  varying,  but  specific  portions 
of  SV40  DNA.   The  expression  of  SV40  DNA  "integrated"  into  such  adeno- 
virus DNA  molecules  was  evaluated  by  reacting  unlabeled  RNA  from  cells 
productively  infected  with  Ad  ND"*"  virions.   In  each  case  DNA  sequences 
present  on  the  "early"  DNA  strand  reacted  with  infected  cellular  RNA; 
no  hybridization  was  observed  with  the  "late"  strand  of  SV40  DNA.   In 
addition  the  extent  of  the  reaction  was  related  to  the  amount  of  SV40 
DNA  present  in  the  hybrid  virus  genome. 

B.   Defective  forms  of  SV40  DNA 

Propagation  of  SV40  at  high  input  multiplicities  has  been  shown  to  result 
in  extensive  alterations  and  rearrangements  of  viral  genetic  information. 
We  have  examined  and  characterized  two  separate  isolates  of  SV40  each  of 
which  is  homogeneous  and  consists  solely  of  reiterated  SV40  DNA. 


<• 


\ 


1.   Serial  passage  of  one  isolate  resulted  in  the  appearance  of  viral  DNA 

molecules  containing  3  Ecoj^j  restriction  endonuclease  sites  symmetrically 
located  on  the  circular  viral  genome.   Analyses  of  such  molecules  by 
nucleic  acid  hybridization  studies  as  well  as  heteroduplex  mapping 
monitored  electronmicroscopically  has  indicated  that  two  distinct  portions 
of  the  SV40  genome,  both  located  in  the  "late"  region  of  the  molecule. 


have  recombined  to  form  a  DNA  segment  one-third  the  size  of  viral  DNA. 
Three  such  segments  have  th^  become  linked  resulting  in  a  circular  DNA 
molecule  approximately  the  same  size  as  SV40  DNA.   Such  "triplicated" 
molecules  contain  three  initiation  and  termination  sites  for  DNA  replica- 
tion.  In  addition,  the  sites  of  recombination  are  located  at  regions  of 
the  SV40  DNA  corresponding  to  the  segments  of  the  viral  present  in  some 
of  the  AC1-SV40  hybridivlruses. 

2.   A  second  isolate,  analyzed  in  a  sljoiilar  manner,  appears  to  consist  of 
DNA  sequences  that  are  topographically  located  in  the  "early"  region  of 
the  viral  genome  which  are  triplicated  to  yield  DNA  circles  which  are 
slightly  smaller  than  the  parental  SV40  DNA. 

C.   The  Biochemical  Relationship  of  human  isolates  of  papova  viruses  to  SV40. 


In  collaboration  with  Dr.  Kenneth  Takemoto,  we  have  compared  the  DNA  of  a 
papova  virus  isolate  from  the  urine  of  patients  receiving  renal  transplants 
(BK  virus)  and  SV40.   Our  results  indicate  that  BK  DNA  is  circular,  supercoiledj 
and  slightly  smaller  than  SV40  DNA.   At  present,  the  virus  DNA  examined  is 
considerably  more  heterogeneous  than  SV40  which  may  reflect  the  methods  used 
for  its  propagation.   Nucleic  acid  hybridization  studies  suggest  that  10-20% 
of  the  sequences  present  in  BK  DNA  are  homologous  to  SV40  DNA. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  ultimate  goal  of  this  project  is  to  understand  the  integration  of  viral 
genetic  material  into  the  mammalian  chromosome  and  the  relationship  of  this 
process  to  oncogenesis.   The  determination  of  the  time  course  of  integration, 
the  number  of  copies  of  viral  DNA  present  in  cells  undergoing  transforming 
infection  and  the  nature  of  the  integration  site  in  the  animal  cell  genome 
may  permit  one  to  separate  the  various  steps  involved  and  possibly  interrupt 
these  molecular  events  with  appropriate  chemotherapeutic  agents. 
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We  are  also  interested  in  delineating  those  viral  genes  necessary  to  induce 
and/or  maintain  the  transformed  state.   Utilizing  the  separated  strands  of 
SV40  DNA,  we  will  be  able  to  characterize  those  viral  gene  products  that 
are  present  in  tumor  cells  from  those  required  for  SV40  productive  infection. 
A  more  thorough  understanding  of  the  control  mechanisms  which  modulate  viral 
DNA  transcription  may  enable  one  to  regulate  the  type  of  cellular  response 
to  these  agents. 

Proposed  Course  of  the  Project: 

Emphasis  will  be  placed  on  understanding  the  mechanisms  of  integration  of 
both  RNA  and  DNA  tumor  virus  genetic  material  into  the  host  chromosome (s) . 
Mammalian  DNA  from  cells  undergoing  both  productive  and  transforming  infec- 
tion will  be  examined  to  determine  when  stable  integration  occurs.   Studies 
are  currently  underway  to  biochemically  evaluate  papova  viruses  isolate  from 
hximan  sources. 
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Honors  and  Awards: 

Malcolm  Martin 
Site  visits  at: 

University  of  Mississippi 

UCLA 
Ad  Hoc  Member,  Virology  Study  Section 
Invited  lectures  at: 

College  of  Physicians  and  Surgeons,  Department  of  Biochemistry, 

University  of  Maryland 

Coltnnbia  University,  Department  of  Biology 

ICN-UCLA  Symposiinn  on  Molecular  Biology 

Conference  on  the  Biology  of  Cancer,  University  of  Michigan 

NATO  Conference  on  Ttmior  Virology,  Monte  Carlo 

Perspectives  in  Biochemistry,  Clinical  Center,  NIH. 

Dr.  George  Khoury 

Invited  lectures  ad 

McGill  University,  Montreal,  Canada,  April  27,  1973 

New  York  University  Medical  School,  May  15,  1973 

University  of  Uppsala,  Uppsala,  Sweden,  September  14,  1973 

Karolinska  Institute,  Stockholm,  Sweden,  September  10,  1973 

University  of  Alabama  Medical  Center,  October  2,  1973 

Imperial  Cancer  Research  Foundation,  London,  September  15,  1973 

University  of  Amsterdam,  Amsterdam,  Holland,  September  19,  1973 

NATO  Conference,  Monte  Carlo,  September  4,  1973 

Harvard  Medical  School,  May  15,  1973 

Princeton  University,  October  18,  1973 

University  of  Pennsylvania,  January  24,  1974 


Publications: 

Khoury,  G.,  Martin,  M.  A,,  Lee,  T.  N.  H. ,  Danna,  K.  J.,  and  Nathans,  D.: 
A  map  of  SV40  transcription  sites  expressed  in  productively  infected  cells. 
J.  Mol.  Biol.,  78:377-389,  1973. 

Fareed,  G.  C,  Khoury,  G.,  and  Salzman,  N.  P.:   Self-annealing  of  4S  strands 
from  replicating  SV40  DNA.   J.  Mol.  Biol..  77:457-462,  1973. 

Martin,  M.  A.,  and  Khoury,  G.:  Transcription  of  SV40  DNA  in  lytically  infected 
and  transformed  cells.  In  Virus  Research,  33-50.  ed.  Fox,  C.  7.,  and  Robinson, 
W.  S.,  Academic  Press,  New  York  and  London,  1973. 


/ 


Shih,  T.  Y,,  IQioury,  G.,  and  Martin,  M.  A.:   In  Vitro  transcription  of  the 
viral-specific  sequences  present  in  the  chromatin  of  cells  transformed  by 
SV40.   Proc.  Natl.  Acad.  Sci. ,  U.S.A.,  70:3506-3510,  1973. 

Gelb,  L.  D.,  Milstien,  J.  B.,  Martin,  M.  A.,  and  Aaronson,  S.  A.:   Charac- 
terization of  Murine  leukemia  virus-specific  DNA  present  in  Normal  Mouse 
cells.   Nature  New  Biol.,  244:76-79,  1973. 
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Martin,  M.  A.,  Gelb,  L.  D.,  Fareed,  G.  C,  and  Milstien,  J.  B.:   Reassortment 
of  simian  virus  40  DNA  during  serial  undiluted  passage.   J.  Virol. ,  12:748- 
757,  1973. 


Shih,  T.  Y.  and  Martin,  M.  A. :   A  general  method  of  gene  isolation. 
Nat.  Acad.  Sci.,  U.S.A.,  70:1697-1700,  1973. 


Proc. 


Khoury,  G.,  Lewis,  A.  M.,  Oxman,  M.  N.,  and  Levine,  A.  S.:   Strand  orientation 
of  SV40  transcription  in  cells  infected  by  non-defective  adenovirus  2-SV40 
hybrid  viruses.   Nature  New  Biol.,  246:202-205,  1973. 
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1 


Project  Title: 


Biology  of  Viruses 

2.  Macromolecular  Biology 

3 .  Betho.sda ,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Characterization  and  Biosynthesis  of  Viral  Enzymes  and 
Structural  Proteins. 


Previous  Serial  Number:   Same 


Principal  Investigators:  Dr.  Bernard  Moss 

Dr.  Enzo  Paoletti 


Dr.  Hortencia  Rosemond-Hortibeak 

Dr.  Jay  Kleiman 

Dr.  Cha  Mer  Wei 

Mr.  Norman  Cooper 

Mr.  Alan  Gershowitz 


Cooperating  Units; 
Man  Years: 


None 


NIAID 
Lab.  Staff 


Other  NIH 

Guest 

Personnel 

Workers 

Assigned  to 

Project 

Total 


16/12 
16/12 


Total:  6-0/12 

Professional:  36/12 

Other:  24/12 

Project  Description 

Objectives: 

1.  Identification,  isolation  and  characterization  of  viral  enzymes  and 
structural  proteins  with  the  aim  of  elucidating  their  roles  in  viral 
replication. 

2.  Determination  of  regulatory  mechanisms  involved  in  the  biosjmthesis 
of  viral  proteins. 

3.  Analysis  of  post-translational  modifications  of  viral  proteins  and 
their  relationship  to  enzyme  function  and  virion  assembly. 

4.  Demonstration  of  the  effects  of  antiviral  drugs  on  the  function  and 
biosynthesis  of  viral  proteins  and  on  the  assembly  of  virions. 
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76/12 
52/12 
24/12 
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Methods  Employed; 

Vaccinia  virus  was  grown  in  HeLa  cells  and  purified  by  density  gradient 
sedimentation.   Biosynthesis  of  macromolecules  was  determined  by  incorporation 
of  radioactive  precursors  and  separation  by  gel  electrophoresis,  gel  filtra- 
tion, column  chromatography  or  rate  zonal  and  equilibrium  centrifugation. 
Enzymes  were  purified  by  column  chromatography  and  were  assayed  by  measuring 
the  transformation  of  radioactively  labeled  precursor  molecules.   Structural 
analysis  of  purified  macromolecules  was  made  by  enzymatic  and  chemical 
hydrolysis  followed  by  electrophoretic  and  chromatographic  analysis. 

Major  Findings: 

1  .   Purification  and  characterization  of  a  polyriboadenylate  poljmierase. 
Eukaryotic  and  viral  messenger  RNA  species  contain  a  sequence  of  100  to  200 
adenylate  residues  at  the  3'  terminus.   Little  is  known  regarding  either  the 
function  of  this  polyriboadenylate  sequence  or  the  enzjnnes  involved  in  their 
synthesis.   Last  year  we  described  the  isolation  of  a  poly  A  polymerase  from 
purified  vaccinia  virions.   We  have  now  purified  the  enzyme  extensively  by  a 
combination  of  DEAE  cellulose  and  DNA  cellulose  chromatography  and  characterized 
it.   The  most  important  property  of  the  poly  A  polymerase  is  its  ability  to  add 
adenylate  residues  to  synthetic  RNA  or  DNA  primers.   This  was  demonstrated  by 
a  variety  of  methods  including  changes  in  sedimentation  of  the  poly  A  after 
ribonuclease  or  deoxyribonuclease  digestion  and  most  rigorously  by  isotope 
transfer  experiments.   Transfer  of  32p  from  a  "^  P-ATP  to  2'(3')-CMP  was 
obtained  after  alkaline  or  enzymatic  digestion  of  the  poly  C  primed  reaction 
product  and  transfer  to  3'-dTMP  was  found  after  enzymatic  hydrolysis  of  the 
poly  dA:dT  primed  product. 

2.   Purification  and  characterization  of  a  protein  kinase.   Enzymes  which 
phosphorylate  proteins  are  involved  in  the  regulation  of  cell  metabolism. 
Recently  protein  kinases  have  been  found  associated  with  several  different 
animal  viruses.   Vaccinia  virions  catalyze  the  incorporation  of   P  from 
y  P-ATP  into  viral  P-acceptor  proteins.   Incorporation  into  these  viral 
proteins,  which  have  been  identified  by  autoradiography  following  polyacryla- 
mide  gel  electrophoresis  (PAGE) ,  is  stimulated  at  least  five  fold  by  the 
addition  of  protamine,  but  unaffected  by  cyclic  nucleotides.   The  protein 
kinase  (PK)  responsible  for  this  phosphorylation  has  been  purified  approxi- 
mately 200  fold  from  vaccinia  cores.   P-acceptor  proteins  were  resolved  into 
two  purified  components  of  molecular  weight  38,000  (CM  I)  and  12,000  (CM  II) 
daltons.   Tryptic  peptide  mapping  demonstrated  that   P  labeled  CM  I  and  CM  II 
contain  different  phosphorylated  peptides;  32p_phosphoserine  and  phosphothreo- 
nine  were  identified  by  electrophoresis  of  acid  hydrolysates.   The  purified 
PK  system  requires  three  protein  components  for  activity:   viral  enzyme,  CM  I 
or  CM  II,  and  protamine.   PAGE  analysis  of  the  reaction  products  showed  that 
over  97%  of  the  total  -^  P  incorporated  was  in  CM  I  or  CM  II;  label  in  protamine 
accounted  for  less  than  3%.   Protamine  seems  to  act  as  an  activator  or  reaction 
intermediate  to  regulate  the  in-vitro  vaccinia  PK  reaction.   Such  a  mechanism 
has  not  been  previously  described,  and  is  reminiscent  of  cyclic-AMP  mediated 
control  of  protein  phosphorylation.   A  protamine-like  endogenous  viral  protein 
could  control  in-vivo  protein  phosphorylation. 
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3.   Induction  of  nucleic  acid-dependent  nucleoside  triphosphate  phosphohydro- 
lases  during  vaccinia  virus  replication.   Two  phosphohydrolases  (I)  and  (II) 
which  hydrolyze  ATP  to  ADP  and  Pi  have  been  purified  from  vaccinia  virus  cores. 
The  activities  of  both  enzymes  were  greatly  stimulated  by  the  addition  of 
nucleic  acids  but  they  differed  in  substrate  specificities  and  polynucleotide 
cof actor  requirements.   Antisera  prepared  against  the  individual  enzj^nes 
neutralized  their  activities  and  indicated  that  they  were  immunologically 
distinct.   Examination  of  extracts  from  uninfected  and  vaccinia  infected  HeLa 
cells  showed  that  phosphohydrolase  activity  increased  after  vaccinia  infection. 
Enzymes  corresponding  to  I  and  II  were  obtained  by  chromatography  of  extracts 
of  infected  cells  on  DNA-cellulose  columns.   The  induced  enzymes  were  identified 
by  their  substrate  specificities  and  were  neutralized  with  specific  antisera. 
Similar  enzymes  were  not  detected  in  uninfected  HeLa  cells;  the  cellular  phos- 
phohydrolase activities  were  not  adsorbed  to  DNA-cellulose,  stimulated  by 
nucleic  acids  or  neutralized.   Further  experiments  indicated  that  the  induced 
enzymes  appeared  primarily  after  the  stage  of  viral  DNA  synthesis  and  that  actino- 
mycin  D  or  cycloheximide  prevented  this.   Rifampicin,  a  drug  which  blocks 
vaccinia  morphogenesis  did  not  inhibit  enzyme  induction.   Thus,  phosphohydrolases 
I  and  II  are  immunologically  distinct  enzymes  that  are  sjmthesized  de  novo  after 
vaccinia  infection. 


4.   Stability  of  HeLa  cell  mRNA  following  vaccinia  virus  infection.   The 
inhibition  of  host  protein  synthesis  which  follows  vaccinia  virus  infection 
is  accompanied  by  a  rapid  decrease  in  size  of  polyribosomes.   This  polyribo- 
some breakdown  occurs  even  when  actinomycin  D  is  used  to  prevent  the  synthesis 
of  virus  RNA.   The  possibility  that  polyribosome  breakdown  results  from  de- 
gradation of  the  host  messenger  RNA  was  investigated.   HeLa  cell  mRNA 
labeled  with  -*H-uridine  was  isolated  by  chromatography  on  poly  U  agarose 
columns.   Virus  infection  did  not  alter  either  the  amount  or  the  size,  as 
estimated  by  sucrose  gradient  sedimentation,  of  the  HeLa  cell  mRNA.   Thus 
the  breakdown  of  poljnribosomes  is  not  due  to  extensive  degradation  of  host 
RNA. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

Enzymes  have  been  found  associated  with  both  RNA  and  DNA-containing  virions 
but  very  few  have  been  isolated  and  characterized.   The  solubilization  of 
the  vaccinia  virus  core  and  the  purification  of  5  separate  enzymes  represents 
a  significant  advance  in  this  field.   We  should  now  be  able  to  fully  characterize 
the  enzymes  and  possibly  learn  their  precise  role  in  virus  replication.   In 
addition  these  viral  enzymes  have  unique  properties  which  distinguish  them  from 
previously  described  cellular  enzjmies  and  thus  are  potential  targets  of 
anti-viral  compounds. 


Proposed  Course  of  the  Project: 

During  the  next  year  we  expect  to  further  characterize  the  5  isolated  virion 
enzymes  and  to  study  their  biosynthesis  and  assembly  into  virions.   It  is 
anticipated  that  the  drug  rifampicin  will  be  a  unique  tool  for  the  latter 
studies.   We  also  plan  to  look  for  additional  enzymes  that  might  be  involved 
in  the  processing  of  RNA. 
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Honors  and  Awards: 
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Bernard  Moss  -  Editorial  Board  of  Journal  of  Virology 

Editorial  Board  of  Antimicrobial  Agents  and  Chemotherapy 

Editorial  Board  of  Intervirology 

Invited  lecture:   Gordon  Research  Conference  on  Cells  and  Viruses 


il 


1. 


% 

■ 

1 

i 

1 

1 
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Hortencia  Rosemond-Hornbeak  -  Invited  lectures  at: 

Vanderbilt  University  School  of  Medicine 
University  of  South  Alabama  Medical  School 

Enzo  Paoletti  -  Invited  lectures  at: 

Gordon  Research  Conference  on  Animal  Cells  and  Viruses 
Columbia  University,  College  of  Physicians  and  Surgeons 
Purdue  University,  Dept .  of  Biological  Sciences 
New  York  State  Dept.  of  Health,  Division  of  Laboratories  and 

Research,  Infectious  Disease  Center 
The  M.  S.  Hershey  Medical  Center,  The  Pennsylvania  State  Univ. 
The  Wistar  Institute 
Georgetown  University 
Roswell  Park  Memorial  Institute 
Mt.  Sinai  School  of  Medicine 
University  of  Connecticut 

Publications: 

Rosemond,  H.  and  Moss,  B. :   Phosphoprotein  component  of  vaccinia  virions. 
J.  Virol.  11:   961-970,  1973. 

Moss,  B.,  Rosenblum,  E.  N.,  and  Garon,  C.  F. :   Glycoprotein  synthesis  in  cells 
infected  with  vaccinia  virus,  III.   Purification  and  biosynthesis  of  the  virion 
glycoprotein.   Virology  55:   143-156,  1973. 

Kleiman,  J.  and  Moss,  B. :   Protein  kinase  activity  from  vaccinia  virions: 
Solubilization  and  separation  into  heat-labile  and  heat-stable  components. 
J.  Virol.  12:   684-689,  1973. 

Moss,  B. :   Rifamycin  SV  derivatives.   In  Carter,  W.  A.  (Ed.):   Selective 
Inhibitors  of  Viral  Functions.   CRC  Press,  Cleveland,  1973,  pp.  313-328. 

Moss,  B.,  Rosenblum,  E.  N. ,  and  Paoletti,  E. :   Polyadenylate  polymerase 
from  vaccinia  virions.  Nature  254:   59-63,  1973. 
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Moss,  B.  and  Rosenblum,  E.  N. :  Protein  cleavage  and  poxvirus  morphogenesis: 
tryptic  peptide  analysis  of  core  precursors  accumulated  by  blocking  assembly 
with  rifampicin.   J.  Mol.  Biol.  81:   267-269,  1973. 

Paoletti,  E.,  Rosemond-Hornbeak,  H. ,  and  Moss,  B. :   Two  nucleic  acid-dependent 
nucleoside  triphosphate  phosphohydrolases  from  vaccinia  virus:   purification 
and  characterization.   J.  Biol.  Chem. ,  in  press. 
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Paoletti,  E.  and  Moss,  B. :   Two  nucleic  acid-dependent  nucleoside  triphosphate 
phosphohydrolases  from  vaccinia  virus:   nucleotide  substrate  and  polynucleotide 
cof actor  specificities.   J.  Biol.  Chem. ,  in  press. 

Rosemond-Hornbeak,  H.,  Paoletti,  E.,  and  Moss,  B.:   Single-stranded  DNA  specific 
nuclease  from  vaccinia  virus:   purification  and  characterization.   J.  Biol. 
Chem. ,  in  press. 

Rosemond-Hornbeak,  H.  and  Moss,  B.  :   Single-stranded  DNA  specific  nuclease 
from  vaccinia  virus.   Endonucleolytic  and  exonucleolytic  activities.  J.  Biol. 
Chem. ,  in  press. 

Moss,  B.:   Reproduction  of  poxviruses.   In  Fraenkel-Conrat ,  H.  and  Wagner, 
R.  R.  (Ed.):   Comprehensive  Virology,  Vol.  I.   Plenum  Press,  New  York,  1974, 
in  press . 

Moss,  B.  and  Rosenblum,  E.  N. :  Vaccinia  virus  polyriboadenylate  polymerase: 
covalent  linkage  of  the  product  with  polyribonucleotide  and  polydeoxyribo- 
nucleotide  primers.   J.  Virol. ,  in  press. 
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Serial  No.   NIAID-80H 

1.  Biology  of  Viruses 

2.  Molecular  Structure 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Studies  on  the  Replication  of  the  Parvovirus,  KRV 

Principal  Investigator:   Dr.  Lois  A.  Salzman 
Other  Investigators:  Ms.  Louese  McKerlie 
Cooperating  Units:   None 
Man  Years: 


NIAID 

Other  NIH 

Guest 

Lab.  Staff 

Personnel 
Assigned 
to  Project 

Workers 

Total: 

24/12 

Professional : 

12/12 

Other : 

12/12 

Project  Description: 

Objectives: 

1.   To  solubilize,  pv 

irify  and  characterize  the  DNA  po 

lymerase  f 

Total 


24/12 
12/12 
12/12 


with  the  KRV  virion. 

2.  To  compare  the  viral-associated  DNA  polymerase  with  the  DNA  polymerases 
from  the  rat  nephroma  cell  used  for  growth  of  KRV. 

3.  To  study  the  synthesis  of  KRV  specific  ribonucleic  acid  in  regard  to 
the  time  of  synthesis  after  virus  infection  of  a  cell  and  the  size  of 
the  viral  RNA. 

Methods  Employed: 

KRV  was  extracted  from  the  cells  in  which  the  virus  grew  and  purified  by  at 
least  two  isopycnic  centrifugations  in  cesium  chloride.   The  purified  virions 
had  DNA  polymerase  activity.   Brief  sonication  of  the  virions  in  the  presence  of 
dithiothreitol  and  the  non-ionic  detergent  NP-40  followed  by  incubation  with 
desoxycholate  resulted  in  a  solubilization  of  the  enzyme.   The  enzyme  was  then 
separated  from  contaminating  proteins  by  chromatography  on  DEAE  cellulose,  DNA 
cellulose  and  phosphocellulose  columns.   The  purified  enzyme  was  characterized 
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according  to  its  pH  optimum,  cation  requirement  substrate  and  primer-template 
specificity,  molecular  weight  and  other  associated  enzyme  activities.  The 
enzyme  assay  involves  the  incorporation  of  the  nucleotide  -^H-deoxyadenosine 
triphosphate  into  acid  insoluble  material. 

The  rat  nephroma  cell  line  in  which  the  virus  was  grown  was  also  examined  for 
its  content  of  DNA  polymerases.   The  cells  were  broken  by  gentle  shear  in  a 
Bounce  homogenizer.   The  extract  was  separated  into  nuclear  and  cytoplasmic 
fractions.   The  nuclear  and  cytoplasmic  fractions  were  separately  examined  for 
DNA  polymerase  activity.   The  enzymes  were  purified  from  contaminating  proteins 
by  the  same  chromatographic  steps  as  the  viral  associated  polymerase  using  DEAE- 
cellulose,  DNA  cellulose  and  phosphocellulose  columns.   The  enzymes  were  then 
characterized  as  described  above  for  the  viral  associated  enzyme. 

Studies  on  specific  viral  ribonucleic  acid  (RNA)  synthesis  involved  the 
incorporation  of  the  radioisotope  -'H-uridine  into  the  RNA  of  infected  cells. 
The  radioisotope  was  added  at  various  times  after  KRV  infection  of  the  cells. 
The  RNA  was  extracted  from  the  cells  and  shown  to  be  virus  specific  by  analysis 
of  its  nucleotide  base  ratio  and  by  hybridization  with  viral  and  cellular  DNA. 


Major  Findings: 

KRV-associated  DNA  polymerase.   The  DNA  polymerase  associated  with  purified  KRV 
has  been  solubilized  and  purified  from  contaminating  proteins.   The  enzyme 
is  found  in  a  single  peak  of  activity  after  chromatography  on  DEAE-cellulose, 
DNA-cellulose  and  phosphocellulose  columns.   The  KRV-associated  DNA  polymerase 
has  increased  enzyme  activity  in  the  presence  of  0.02  M  KCl  and  has  a  strong 
preference  for  a  sjmthetic  DNA  polymer  containing  deoxyadenylate  and 
deoxythymidylate.   The  enzyme  appears  to  be  a  single  protein  band  on  polyacryl- 
amide  gels.   It  has  an  approximate  molecular  weight  of  73,000  +  5,000  and 
appears  to  contain  endonuclease  activity. 

Rat  nephroma  cell  DNA  polymerases.   Using  DEAE  cellulose  chromatography  two 
separable  DNA  polymerase  enzymes  were  found  in  the  cytoplasmic  fraction  and 
two  major  DNA  polymerases  were  detected  in  the  nuclear  fraction  of  the  cell. 
One  nuclear  enzjnne  can  be  separated  on  DNA  cellulose  into  1  major  and  two  minor 
components.   The  enzymes  were  all  purified,  characterized  and  distinguished  from 
each  other  by  several  criteria.   The  activity  of  cellular  cytoplasmic  enzyme  Cix^ 
is  stimulated  by  the  addition  of  KCl  and  in  this  respect  resenbles  the  viral 
associated  enzyme.   The  viral  associated  and  the  cytoplasmic  enzyme  Cjj  differ 
however,  in  template  specificity  and  cation  utilization. 

Synthesis  of  KRV-specific  RNA.   A  portion  of  the  RNA  (0.5  to  1.0%)  synthesized 
after  infection  of  a  permissive  cell  with  the  virus  KRV  is  viras  specific.   The 
specificity  was  demonstrated  by  analysis  of  its  nucleotide  base  ratios  and  by 
hybridization  with  KRV  and  cellular  DNA.   Viral  RNA  is  sjmthesized  as  early  as 
two  hours  after  infection  before  viral  DNA  synthesis  occurs.   The  viral  RNA 
has  a  sedimentation  coefficient  of  approximately  18S  in  dimethylsulfoxide-sucrose 
gradients  and  a  calculated  molecular  weight  of  6.5  to  7.5  x  10  .   If  the  viral 
RNA  is  a  homogeneous  species,  it  would  account  for  40  to  50%  of  the  viral 
genome . 
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Significance  to  Blo-medical  Research  and  Program  of  the  Institute; 

Kilham  rat  virus  (KRV)  first  isolated  from  a  rat  sarcoma  is  a  member  of  the 
parvovirus  group.  Members  of  the  group  have  been  found  in  many  mammals  and 
birds  as  well  as  lepidoptera  and  bacteria.   HI  virus  closely  related  to  KRV 
and  the  defective  virus  AAV  are  human  parvoviruses.   The  human  gastroenteritis 
and  hepatitis  B  viruses  are  also  believed  to  be  parvoviruses.   The  parvoviruses 
are  very  small  (18  to  22  nm)  and  those  studied  contain  one  molecule  of  linear 
single-stranded  DNA  with  a  molecular  weight  of  1.5  to  2.2  x  10".   The  viral  DNA 
is  capable  of  coding  for  very  few  proteins.   With  this  small  amount  of  informa- 
tion, the  virus  replicates  and  causes  cell  disintegration.   Little  is  known 
about  the  method  of  virus  control  of  the  mammalian  cell  and  virus  replication. 
Using  KRV  as  a  model  it  may  be  possible  to  determine  some  of  the  important 
aspects  of  the  virus  cell  interaction. 

None  of  the  steps  involved  in  the  synthesis  of  linear  single-stranded  virion 
DNA  are  understood.   There  may  be  a  double-stranded  DNA  intermediate  involved 
and  from  this  intermediate  the  single-stranded  virion  DNA  may  be  made.   We  hope 
that  further  studies  with  the  purified  virus-associated  DNA  polymerase  may  aid 
in  an  understanding  of  the  DNA  replication  of  parvoviruses. 
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The  parvoviruses  are  also  of  interest  because  of  their  interaction  with  oncogenic 
viruses.   KRV  has  been  reported  to  suppress  induction  of  leukemia  in  rats  by 
the  RNA  maloney  virus.   (Bergs,  Cancer  Res.  29^:   1669,  1969).   HI  can  reduce 
the  incidence  of  spontaneous  and  induced  tumors  in  hamsters.   The  adeno- 
associated  virus  (AAV)  inhibits  transformation  of  haraster  embryo  cells  and 
Induction  of  tumors  in  vivo  by  the  oncogenic  adenovirus  12.   An  understanding 
of  the  replicative  cycle  of  the  pairvovirus  may  aid  in  the  understanding  of  this 
suppression  of  some  cancer  manifestations. 

KRV  and  HI  are  capable  of  causing  latent  or  inapparent  infections.   The  presence 
of  latent  viruses  in  cells,  their  effect  on  the  cell  and  the  cause  of  activation 
of  these  latent  viruses  are  of  considerable  interest  to  those  studying  malignancy 
and  other  disease  states.   The  parvoviruses  because  of  their  apparent  simplicity 
may  serve  as  excellent  models  for  the  study  of  latent  diseases. 


Proposed  Course  of  the  Project: 

1.   We  hope  to  more  closely  define  the  role,  if  any,  of  the  purified  viral 

associated  DNA  polymerase  in  virus  replication.   Very  little  is  known  about 
the  replication  of  linear  single-stranded  DNA  and  studies  with  this  enzyme 
may  aid  in  clarifying  the  steps  involved. 


Investigation  of  the  viral  RNA  synthesized  by  the  infected  cell  will  be 
continued.   We  hope  to  use  the  synchronized  cell  cultures  and  isolate  the 
RNA  from  the  polysomes  for  hybridization  and  sedimentation  studies. 

We  hope  to  study  further  the  synthesis  of  viral  DNA  in  an  infected  cell. 
We  will  look  specifically  for  any  intermediates  involved  in  the  viral  rep- 
lication as  determined  by  sedimentation  in  sucrose  gradients,  column 
chromatography  and  observation  in  the  electron  microscope. 
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4.   We  also  wish  to  determine  the  extent  of  cellular  DNA  inhibition  and  the 
time  when  such  inhibition  occurs.   This  information  may  aid  in  gaining 
insight  into  how  the  virus  gains  control  of  the  infected  cell. 

Honors  and  Awards: 

Invited  participant  at  a  Symposium  on  Parvoviruses  in  February,  1974. 

Publications: 

1.  Salzman,  L.  A.  and  Redler,  B.:   Sjmthesis  of  viral  specific  RNA  in  cells 
infected  with  the  parvovirus,  KRV.   J.  Virol.  14:   in  press. 

2.  Salzman,  L.  A.:   Properties  of  the  Kilham  rat  virus  associated  DNA  polymerase, 
J.  Infec  Pis.  130:   in  press. 


a 


21 


i 


U 


y^ 


, 

' 

Serial  No.      NIAID-84C 
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1.  Biology  of  Viruses 

2 .  Biochemical  Virology 

3.  Bethescia,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  Mechanism  of  DNA  Replication  and  Integration 

Previous  Serial  No.:   Same 

Principal  Investigators:   Dr.  Norman  P.  Salzman 

Dr.  Edwin  D.  Sebring 
Dr.  Alfred  G.  Kasselberg 
Dr.  Michael  Chen 
Dr.  Martin  Zweig 
Ms.  Marilyn  Thoren 

Other  Investigators:   None 

Cooperating  Units: 

Man  Years : 


NIAID 

Other  NIH 

Guest 

Total 

Lab.  Staff 

Personnel 
Assigned  to 
Project 

Workers 

_„_ 

12/12 

72/12 



12/12 

60/12 



— 

12/12 

Total:  60/12 
Professional:  48/12 
Other:         12/12 

Project  Description: 

Objectives: 

To  further  define  the  mechanism  of  SV40  DNA  replication  with  emphasis  on 
the  process  of  DNA  chain  elongation  and  termination. 

To  correlate  biologic  function  of  oncogenic  DNA  viruses  with  the  structure  of 
their  DNA's. 

To  identify  and  characterize  the  viral  and  cellular  specified  proteins  involved 
in  the  replication  of  SV40  DNA  and  maturation  of  virus  particles. 
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Methods  Employed: 

Tissue  culture  cells  are  infected  with  SV40  virus  and  at  appropriate  times 
after  infection  radioactive  precursors  are  added  to  the  medium.   The  repli- 
cating molecules  of  SV40  virus  and/or  SV40-specif ic  nucleoprotein  complexes 
are  then  fractionated  from  the  cellular  material  and  further  purified  and 
characterized  by  isopycnic  centrifugation  and  velocity  sedimentation.   The 
replicating  molecules  are  denatured  to  release  the  newly  synthesized  strands 
which  are  then  subjected  to  polyacrylamide  gel  electrophoresis.   Other  methods 
used  in  this  laboratory  have  included:   fractionation  of  the  SV40  genome  with 
various  restriction  endonucleases  followed  by  gel  electrophoresis;  base  ratio 
determinations  using  ion-exchange  chromatography;  production  of  pyrimidine 
isostichs  by  acid  digestion  of  SV40  DNA  and  separation  of  the  isostichs  by 
DEAE  cellulose  chromatography. 

Major  Findings: 

Previous  studies  in  this  laboratory  have  established  that  SV40  replication  is 
initiated  at  a  specific  site  on  the  viral  genome.   Replication  proceeds  bidi- 
rectionally  with  4S  DNA  fragments  being  synthesized  and  later  joined  to  a 
growing  DNA  chain.   Gel  electrophoresis  should  provide  a  more  accurate  size 
measurement  of  this  4S  fragment.   By  comparison  with  molecules  of  known  molecu- 
lar weight,  in  the  same  size  range,  it  should  be  possible  to  determine  whether 
these  fragments  are  immediately  joined  to  the  growing  chain  or  whether  there 
is  some  lag  period.   Considerable  difficulty  has  been  encountered  in  establish- 
ing gel  conditions  which  will  permit  the  sizing  of  these  very  small  single- 
stranded  DNA  fragments.   Preliminary  results  indicate  that  the  "4S"  fragments 
are  a  very  heterogeneous  group  (M.  Thoren,  N.  Salzman) . 

In  another  study,  SV40  DNA  uniformly  labeled  with  -^^P  was  subjected  to  digestion 
with  formic  acid  and  diphenylamine.   This  treatment  releases  purine  bases  and 
breaks  the  phosphodiester  backbone  of  DNA  adjacent  to  the  purine  bases.  There- 
fore, the  products  of  such  a  digestion  are  inorganic  phosphate,  free  purines, 
and  runs  of  various  lengths  containing  only  pyrimidine  nucleotides.   A  quanti- 
tation of  the  pyrimidine  runs  present  in  the  SV40  genome  was  carried  out. 
There  are  several  long  runs  which  are  present  in  one  copy  per  SV40  genome. 
In  addition,  there  are  several  shorther  pyrimidine  runs  which  are  present  in 
large  excess  of  the  number  expected  from  a  random  distribution  of  bases  in 
the  genome.   Localization  of  pyrimidine  runs  in  the  SV40  genome  and  correlation 
of  their  presence  with  biologic  functions  are  being  carried  out.   (A.  G. 
Kasselberg  and  N.  Salzman). 

An  analysis  of  the  superhelix  density  of  SV40  replicating  DNA  -Jiolecules  has 
indicated  the  presence  of  a  denaturated  region,  presumably  at  the  replicating 
forks.   A  protein  which  binds  to  denaturated  DNA  has  been  isolated  from  SV40 
infected  cells  by  chromatography  on  a  denatured  DNA-cellulose  column.   This 
protein  is  currently  being  characterized  to  determine  if  it  may  be  associated 
with  the  denatured  regions  of  replicating  DNA  molecules. 

In  other  studies,  an  examination  of  nucleoprotein  complexes  in  SV40  Infected 
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cells  has  shown  an  SV-40  specific  55  S  complex.   The  protein  portion  of 
this  complex  is  presently  being  analyzed  by  polyacrylamide  gel  electro- 
phoresis.  The  complex  isolated  from  cells  infected  with  SV40  temperature 
sensitive  mutants  is  also  being  examined  (M.  Zweig  and  N.  Salzman) . 

In  other  studies,  the  single-stranded  regions  on  superhelical  SV40  DNA  have 
been  localized  and  characterized.   We  have  studied  the  reaction  product  of 
SV40  DNA  I  with  N-cyclo-hexyl-N-B-(4-methyl  morpholinium)-ethylcarbodiimide 
(Cl-IEC)  .   This  reagent  reacts  preferentially  with  single  stranded  regions  of 
DNA.   The  product  of  the  reaction,  SV40  I-(CMEC),  has  an  Sw,20  of  22. 5S  which 
is  higher  than  SV40  DNA  I  (21S)  and  it  also  shows  a  small  decrease  in  buoyant 
density.   When  ^^C-CMEC  is  reacted  with  %  SV40  DNA  I,  the  reaction  product 
can  be  cleaved  by  the  restriction  endonuclease  R-Hin  and  the  bound  I'tC-CMEC 
is  found  associated  with  only  three  of  the  eleven  cleavage  fragments,  namely 
fragments  A,  B,  and  G.   The  degree  of  single  strandedness  in  these  three 
fragments  is  estimated  to  be  7%,  4%,  and  2.8%  respectively.   When  either 
SV40  DNA  I  or  SV40  DNA  I-(CMEC)  is  cleaved  by  the  single  strand  specific 
nuclease  of  N.  crassa,  the  population  of  fragments  that  is  obtained  is 
consistent  with  cleavage  at  three  sites  at  approximately  0.2,  0.45,  and 
0.55  genome  lengths  from  the  Eco  Ri  cleavage  site.   Fragment  G  contains  the 
termination  site  of  SV40  DNA  replication  and  fragments  A  and  B  map  with  the 
in  vivo  initiation  and  termination  of  transcription  of  SV40  DNA.   These  single 
stranded  regions  in  supercoiled  SV40  DNA  perhaps  play  an  important  role  in 
SV40  DNA  replication  and  transcription  (M.  Chen  and  J.  Lebowitz) . 

In  still  other  studies,  the  DNA  of  another  papovavirus,  polyoma,  has  been 
cleaved  with  the  restriction  enzyme,  R'Hin.   The  DNA  from  small  plaque  polyoma 
strains  yield  4  specific  fragments  representing  61%,  26%,  8%,  and  5%  of  the 
original  DNA.   The  4  fragments  produced  by  R'Hin  have  been  ordered  by  analysis 
of  partial  digest  products  which  were  eluted  and  redigested  with  excess  enzyme. 
Although  the  small  plaque  and  large  plaque  strains  of  DNA  both  give  4  specific 
fragments  after  R'Hin  digestion,  the  two  strains  have  different  biological 
activity.  Moreover,  when  DNA's  from  small  and  large  plaque  strains  of  polyoma 
were  cleaved  with  the  Eco'Rj  restriction  enzyme,  which  gives  only  one  cut  to 
both  strains,  they  form  a  specific  heteroduplex  region  after  denaturation  and 
reannealing  (M.  Chen  and  N.  Salzman). 

In  order  to  study  the  gene  functions  of  the  SV40  genome,  it  is  important  to 
localize  the  site  of  the  mutation  in  different  SV40  temperature-sensitive 
mutants.   Several  methods  have  been  used  to  achieve  this  purpose.   In  our 
laboratory  we  have  investigated  these  ts  sites  by  looking  for  an  anomalous 
electrophoretic  migration  of  hybrid  DNA  molecules  composed  of  mutant  and 
wild  type  strands  of  R'Hin  fragments.   We  have  found  such  hybrids  to  possess 
altered  electrophoretic  migrations  (M.  Chen  and  N.  Salzman). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Through  the  study  of  the  structure-function  relationships  in  small,  genetically 
simple  oncogenic  viruses  we  hope  to  further  define  what  properties  of  these 
viruses  cause  cells  to  integrate  foreign  DNA  into  their  genome  and  to  undergo 


24 


^^ 


\J-.'.- 


a  malignant  transformation.   An  understanding  of  these  properties  would 
shed  considerable  insight  on  the  causes,  prevention,  and  cure  of  naturally 
occurring  malignancies. 

In  addition,  since  cellular  functions  play  a  major  role  in  the  replication 
of  these  small  DNA  viruses,  it  is  hoped  that  the  study  of  viral  DNA  replica- 
tion will  elucidate  mammalian  cellular  mechanisms  involved  in  cellular  DNA 
replication  and  repair. 

Proposed  Course  of  the  Project; 

The  structure-function  relationships  of  SV40  DNA  will  be  elucidated.   The 
steps  in  DNA  replication  will  be  further  defined. 

Honors  and  Awards; 

Editor,  Journal  of  Virology 

Visiting  Scientist,  University  of  Geneva,  Geneva,  Switzerland 

Invited  lectures  at; 

1.  Cold  Spring  Harbor  Lab,  Cold  Spring  Harbor,  N.  Y. 

2.  St.  Jude  Children's  Research  Hospital,  Memphis,  Tennessee 

Publications: 

Unwinding  of  parental  strands  during  Simian  Virus  40  DNA  replication.   1973. 
Salzman,  N.  P.,  Sebring,  E.  D.,  and  Radonovich,  M.   J.  Virol.  12; 669-676. 

The  Mechanism  of  SV40  DNA  replication.  Salzman,  N.  P.,  Fareed,  G.  C,  Sebring, 
E.  D.,  and  Thoren,  M.  M.  Cold  Spring  Harbor  Symposium  on  Quantitative  Biology, 
Volume  XXXVIII,  1974,  Chromosome  Structure  and  Function. 

Superhelix  density  of  replicating  SV40  DNA  molecules.   1974.   Sebring,  E.  D., 
Garon,  C.  F.,  and  Salzman,  N.  P.   J.  Mol.  Biol.,  in  press. 
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Assigned  to 
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Workers 

12/12 
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12/12 
12/12 


Total: 

Professional : 
Other: 

Project  Description: 

Objectives: 

A)  Develop  an  improved  method  of  isolation  of  the  restriction  enzyme  Hpa  I  from 
Hemophilus  parainf luenzae.   The  method  should  be  general  enough  so  that  it 
could  be  utilized  for  the  isolation  of  other  restriction  enzymes  and 
methyltransferases  which  act  with  the  restriction  system. 

B)  Characterize  the  Hpa  I  enzyme,  especially  with  regard  to  its  interaction  with 
DNA. 
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C)   To  provide  restriction  endonucleases  of  Hemophilus  parainfluenzae  for  col- 
laboration within  the  laboratory  for  the  study  of  SV40  vivuses  which  are 
temperature  sensitive  and/or  deletion  mutants.   Also  to  directly  cleave  the 
DNA  of  the  SV40  host  cell  (Vero)  to  obtain  unique  fragments  which  may  be 
separated  into  different  size  classes,  and  see  if  certain  fragments  are 
repeated  throughout  the  amount  of  repetitive  DNA  associated  with  a  given 
class  of  fragment  size.   This  information  might  ultimately  be  used  to  see 
if  some  segments  of  cell  DNA  are  more  likely  to  include  viral  DNA  in  a 
linear  array. 
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Also  to  cleave  mitochondrial  DNA,  as  an  example  of  a  small,  normal  cell  DNA  and 
to  see  if  the  unique  fragment  patterns  for  this  DNA  are  changed  by  viral  trans- 
formation. 

Methods  Employed ; 

A)  and  B)   The  enzyme  was  purified  by  standard  biochemical  techniques. 

C)   SV40  DNA,  Vero  cell  DNA  and  mitochondrial  DNA  were  purified  by  specific 

published  procedures.   The  DNA  is  cleaved  by  the  restriction  enzyme  and  the 
fragments  are  separated,  according  to  size,  by  gel  electrophoresis  to  give 
characteristic  patterns  for  each  type  of  DNA. 
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Major  Findings: 

A)  Purification  of  the  Enzyme: 

An  alternate  method  of  purification  of  the  restriction  enzyme  Hpa  I 
was  developed  which  produced  the  highest  yield  of  enzyme  yet  obtained. 
Relatively  crude  extracts,  free  of  all  contaminating  deoxyribonuc lease 
activity,  with  high  levels  of  Hpa  I  activity,  can  be  prepared  by  this 
method  in  two  days  and  further  purification  of  the  enzyme  which  led  to  the 
highest  specific  activity  yet  found  could  be  completed  in  several  more  days. 
The  method  utilizes  two  DEAE-cellulose  columns  which  remove  in  sequence, 
nucleic  acids  and  a  second  restriction  enzjnne  as  well  as  a  potent  exonu- 
clease  which  acts  upon  double  stranded  DNA.   The  general  features  of  the 
method  make  it  attractive  for  the  rapid  isolation  of  a  number  of  enzyme 
activities  which  either  cleave  SV40  DNA  at  specific  sites,  methylate  it 
at  specific  sites  or  remove  bases  in  the  manner  of  exonuclease  III  from 
E.  coli. 

B)  Characteristics  of  the  Enzyme: 

Sephadex  chromatography  in  1  M  NaCl  buffer  indicates  a  molecular 
weight  near  25,000  daltons.   In  low  salt  buffer,  below  pH  8.3  the  enzyme 
aggregates  and  appears  to  have  a  molecular  size  greater  than  100,000 
daltons.   Aggregation  in  low  salt  buffer  is  inhibited  above  pH  8.3 
where  enzyme  activity  is  associated  with  several  different  size  classes. 
The  isoelectric  point  of  the  enzyme  is  near  pH  8  as  judged  by  its  ability 
to  bind  to  different  ion  exchange  columns.   The  enzyme  has  an  absolute 
requirement  for  Mg  ion.   Other  divalent  ions  diminish  enzjnnatic  activity. 
The  enzyme  is  most  active  in  buffer  containing  80  mM  NaCl  at  pH  7.85  in 
the  presence  of  14  mM  mercaptoethanol,  although  it  will  cleave:  DNA  in 
the  absence  of  salt  and  reducing  agent.   The  cleavage  reaction  is  not 
inhibited  by  either  sRNA,  rRNA  or  sonicated  single  stranded  DNA  when  the 
competing  nucleic  acids  are  present  in  concentrations  close  to  the 
substrate  DNA  concentration.  The  enzjraie  will  however  bind  co  both  double 
stranded  and  single  stranded  DNA  cellulose  columns  under  non-enzymatic 
conditions  (no  Mg"^  present)  or  with  Mg"^  present.   Mg  serves  to  slightly 
enhance  the  binding  to  both  single  and  double  stranded  DNA.   At  pH  7.6,  in  the 
absence  of  Mg  about  400  pg  of  double  stranded  DNA  (in  a  cellulose  column)  is 
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needed  to  bind  an  amount  of  enzyme  which  will  cleave  10  pg  of  DNA  substrate  in 
one  minute.   The  enzyme  will  bind  to  double  stranded  DNA,  at  this  pH,  in  100  mM 
NaCl,  but  it  will  not  bind  to  single  stranded  DNA  above  50  mM  NaCl.   In  50  mM 
NaCl  it  binds  to  double  stranded  DNA  cellulose  over  a  pH  range  of  6.9  to  8.9 
and  it  will  bind  in  the  presence  of  sonicated  single  stranded  DNA  at  pH  7.6. 
The  enzyme  is  heat  stable  with  or  without  its  DNA  substrate  at  37°  for  at  least 
5  hours  but  it  is  inactivated  within  minutes  at  60°C . 

C)   Cleavage  of  DNA  by  the  Restriction  Enzyme: 

Hpa  I  cleaves  SV40  DNA  into  3  fragments,  which  are  separated  by  gel  electro- 
phoresis.  The  largest  fragment  has  a  size  of  about  1.5  x  10"  daltons.   The  same 
enzyme  cleaves  very  large  DNA  (about  150  x  10^  daltons)  prepared  from  the  virus 
host  cell  (Vero)  into  unique  fragments  which  after  separation  by  gel  electro- 
phoresis show  a  continuous  distribution  of  piece  sizes,  with  an  indication  of 
small  peaks  superimposed  on  the  distribution.   The  gel  pattern  was  assymmetric 
with  a  peak  fragment  size  being  larger  than  the  largest  size  fragment  of  SV40 
DNA. 

Another  class  of  normal  cell  DNA,  mitochondrial  DNA  (M-DNA1  was  digested 
with  the  restriction  enzyme  and  analyzed  by  gel  electrophoresis.   M-DNA  from 
different  organs  of  the  same  animal  shows  the  same  pattern.   Patterns  for  dif- 
ferent animals  were  different.   In  all  cases  5  or  more  fragments  were  obtained. 
After  alkali  denaturation  the  single  stranded  DNA  was  reduced  to  small  pieces 
corroborating  recent  work  indicating  the  presence  of  ribonucleotides  in  the 
mature  DNA. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute; 
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The  isolation  and  characterization  of  restriction  enzymes  has  given  great 
impetus  to  understanding  the  structure  and  function  of  viral  DNA.   The  enzymes 
provide  a  means  for  isolating  specific  genes  from  viral  and  mitochondrial  DNAs 
and  of  providing  a  unique  set  of  fragments  from  the  genome  of  eukaryotic  cells. 

Proposed  Course  of  the  Project: 

Specific  DNA  methylases  associated  with  the  restriction  enzymes  from  Hemophilus 
parainfluenzae  will  be  isolated  and  tested  to  see  if  they  provide  a  unique 
means  for  labeling  SV40  DNA. 


DNA  from  Vero  cells  and  SV40  and  polyoma  transformed  cell  lines  will  be  cleaved 
by  the  restriction  enzyme  and  the  different  size  classes  tested  for  the  amount 
of  unique  and  repeated  DNA  present. 


Mitochondrial  DNA  will  be  examined  to  see  if  some  cases  of  transformation  produce 
alterations  in  the  cleavage  pattern  of  this  DNA. 

Publications: 

DeFilippes,  F.:   A  new  method  for  isolation  of  a  restriction  enzyme  from 
hemophilus  parainfluenzae.   Biochem.  Biophys.  Res.  Commun. :   in  press. 
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Project  Description: 

Adenovirus-associated  viruses  (AAV)  are  small,  DNA-containing  viruses 
multiply  only  in  cells  which  are  co-infected  with  an  adenovirus.  Herpesviruses 
also  provide  some  function (s)  required  for  AAV  multiplication;  AAV  antigen (s) 
is  synthesized  but  an  increase  in  AAV  infectivity  or  particles  has  not  been 
observed.   Four  AAV  serotypes  are  now  known.  We  have  shown  previously  that 
AAV  DNA  is  segregated  in  a  way  not  as  yet  observed  with  any  other  virus . 
Single,  complementary  DNA  strands  are  separately  encapsidated  in  different 
virions.   On  extraction  of  viral  DNA,  the  complementary  strands  anneal  to 
form  duplex  molecules .   There  are  two  species  of  complementary  DNA  strands 
which  can  be  separated  in  CsCl  density  gradients.   Studies  are  directed  toward 
the  biological  and  biochemical  characterization  of  AAV  infection. 
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Ob.lectives: 

1.  To  analyze  the  structure  and  function  of  the  complementary  strand  species 
of  AAV-DNA. 

2.  To  identify  the  helper  virus-mediated  step(s)  in  the  AAV  replication 
sequence. 

3.  To  analyze  the  structure  and  function  of  in  vivo  synthesized  AAV  RNA 
species  induced  by  either  partial  or  complete  helper  viruses. 

Methods  Employed: 

The  AAV  are  produced  in  KB  cells  in  spinner  culture.   Viruses  are  purified 
in  CsCl  density  gradients,  and  DNA  is  extracted  from  purified  virus  by 
treatment  with  alkali  or  with  proteolytic  enzymes,  sodium  dodecyl  sulfate 
and  phenol.   The  complementary  strand  species  are  separated  by  centrifuging 
denatured,  bromodeoxyuridine-substituted  DNA  to  equilibrium  in  neutral  CsCl 
density  gradients.   Viral  RNA  synthesized   in  vivo  or  in  vitro  is  labeled 
with  H  or  -^^P.   DNA/DNA  or  DNA/RNA  complementarity  is  determined  by  nucleic 
acid  hybridization  and  hybrids  are  detected  on  nitrocellulose  filters,  in 
CsCl  density  gradients  or  by  hydroxyapatite  chromatography.   RNA  is  further 
analyzed  by  sedimentation  in  dimethylsulfoxide  sucrose  gradients  and  electro- 
phoresis in  acrylamide  gels.   DNA  molecules  are  directly  visualized  in  the 
electron  microscope  using  either  aqueous  or  formamide  spreading  techniques. 

Major  Findings: 

1.   Viral  RNA  analyses  revealed  two  populations  of  AAV  RNA,  (i)   a  single, 
discrete  20S  species  and  (ii)  a  very  heterogeneous  population  ranging  in 
size  from  4S  to  18S.   In  the  nucleus  both  populations  of  AAV  RNA  were 
observed  but  in  the  cytoplasm  the  20S  RNA  was  mainly  present  in  the  polysome 
fraction  and  the  heterogeneous  RNA  was  mainly  in  the  non-polysomal  fraction. 
The  20S  RNA,  therefore,  appears  to  be  the  only  functional  AAV  message  species. 
The  heterogeneous  AAV  RNA  may  arise  from  incomplete  transcription  or  degrada- 
tion of  the  20S  RNA  in  the  nucleus  or  cytoplasm.   The  molecular  weight  of 
the  20S  AAV  RNA  was  approximately  0.9  to  1.0  x  10^  which  accounts  for  the 
entire  region  of  the  AAV  genome  that  is  stably  transcribed.   This  20S  RNA 
may  be  monocistronic  and  thus  AAV  DNA  may  contain  only  one  gene. 

The  20S  AAV  RNA  did  not  appear  to  be  formed  by  post-transcriptional  cleavage 
of  a  larger  nuclear  precursor.   In  the  same  experiments  the  post-transcriptional 
cleavage  of  Ad  RNA  was  clearly  observed.   At  least  nine  species  of  Ad  RNA  were 
present  in  the  cytoplasm  late  after  infection  and  at  least  six  of  these  were 
associated  with  polysomes.   Non-polysomal,  cytoplasmic  Ad  RNa  was  heterogeneous 
but  contained  one  discrete,  5.5S  species  (VA  RNA)  which  was  transported  to 
the  cytoplasm  more  rapidly  than  either  Ad  or  AAV  message  RNA  or  cellular 
rRNA. 
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When  heteroduplexes  were  prepared  with  any  combination  of  AAV-1, 
-2  or  -3  DNA,  regions  containing  heterology  melted  out  progressively 
as  denaturing  conditions  were  increased.   This  indicates  that  partial 
homology  is  present  within  these  regions,  and  suggests  that  sequence 
differences  among  the  serotypes  have  arisen  by  retention  of  random 
base  changes.   In  addition,  interserotypic  homologies  physically 
mapped  at  similar  locations,  indicating  that  the  same  sequences  are 
conserved  in  all  three  serotypes.   No  melting  was  observed  in  homo- 
duplex  molecules  spread  under  similar  conditions.   Because  single- 
stranded  circles  remain  essentially  intact  under  the  same  spreading 
conditions,  open  heteroduplex  ends  mean  that  the  terminal  self-comple- 
mentary sequences  are  not  completely  conserved  among  different  serotypes. 


3.  When  heteroduplex  molecules,  prepared  with  any  combination  of  AAV-1, 
-2,  or  -3  DNA,  were  spread  in  high  concentrations  of  formamide,  self- 
annealed  strand  ends  could  be  specifically  located  and  "panhandle" 
structures  readily  identified.   These  projections  confirmed  the  mode 

of  terminal  base  arrangement  which  previously  had  been  uncertain.   From 
the  length  of  these  projections  it  was  estimated  that  the  terminal  repe- 
tition in  AAV  DNA  is  equivalent  to  4-8%  of  total  strand  DNA  (100-200 
base  pairs) . 

4.  Based  on  DNA/DNA  competition  hybridization  at  least  60-70%  of  sequences 
in  AAV-1,  -2  and  -3  DNA  have  been  found  to  be  homologous,  but  hetero- 
duplex melting  studies  suggest  that  interserotypic  homologies  actually 
approach  90-95%. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 


Human  infection  with  AAV  has  been  shown  to  be  frequent,  but  its  significance 
is  not  yet  known,  since  a  virus-specific  clinical  disease  has  not  been  defined. 
Characterization  of  biochemical  and  biological  properties  of  these  viruses 
may  be  important  with  respect  to  human  disease,  because  1)   although  now 
inapparent,  they  might  be  human  pathogens  and,  2)   the  mechanism(s)  by  which 
helper  viruses  assist  AAV  replication  are  relevant  to  understanding  natural 
modes  of  viral  infection  and  may  be  Iniportant  with  respect  to  the  develop- 
ment of  biochemical  controls  of  virus  replication.   In  contrast  to  cell  DNA, 
the  relatively  small  genomes  of  these  viruses  permit  more  comprehensive  bio- 
chemical and  physical  analyses  of  function  and  structure.   For  example,  our 
discovery  of  a  new  type  of  genetic  structure  at  the  ends  of  both  the  adeno- 
virus and  AAV  genomes  (inverted  terminal  repetition)  may  help  co  explain 
the  mechanism  of  DNA  synthesis  for  both  viruses  as  well  as  represent  (at 
least  partially)  the  molecular  reason  for  AAV  defectiveness.   Because  this 
terminal  structure  appears  to  be  highly  specific,  further  definition  of  its 
biochemical  properties  could  provide  an  important  basis  for  identifying  or 
preparing  compounds  with  selective  antiviral  activity.   In  addition,  studies 
on  the  biochemical  dependence  by  AAV  for  specific  adenovirus  gene  products 
may  lead  to  a  means  for  purifying  and  characterizing  these  control  substances. 
This,  in  turn,  could  provide  insight  into  basic  properties  of  gene  regulation 
in  general  as  well  as  offer  new  approaches  in  the  development  of  antiviral  agents. 
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Proposed  Course  of  the  Project: 

Continue  to  study  AAV  replication  and  defectiveness. 

Honors  and  Awards: 

Invited  participant  at : 

1.  Gordon  Research  Conference  on  Animal  Cells  and  Viruses 

2.  Cold  Spring  Harbor  meeting  on  Adenoviruses 

3.  1974  Cold  Spring  Harbor  Symposiinn 

4.  Elected  to  American  Society  for  Clinical  Investigation 

Publications: 

Carter,  B.  J.  and  Rose,  J.  A.:   Transcription  in  vivo  of  a  defective  parvovirus: 
Sedimentation  and  electrophoretic  analysis  of  RNA  synthesized  by  adenovirus- 
associated  virus  and  its  helper  adenovirus.   Virology,  in  press. 

Rose,  J.  A.:   Parvovirus  reproduction,  in  "Comprehensive  Virology",  (H. 
Fraenkel-Conrat  and  R.  Wagner,  ed.)  Plenum  Press,  New  York,  in  press. 
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Project  Description: 

Objectives: 

To  provide  a  detailed  map  of  base  sequence  homologies  and  heterologies  among  the 
genomes  of  several  oncogenic  and  nononcogenic  adenovirus  groups.  And,  further, 
to  correlate  mappable  sequences  with  a  biochemical  characterization  of  both 
structural  and  replicative  properties  of  these  viruses. 

Methods  Employed: 

Viruses  are  produced  in  KB  cells  and  purified  in  CsCl  equilibrium  density 
gradients.  Viral  DNA  is  extracted  from  purified  virus  by  treatment  with  proteo- 
lytic enzymes,  sodium  dodexylsulfate  and  phenol.   The  electron  microscope  hetero- 
duplex  method  consists  of  constructing  in  vitro  a  molecule  in  which  one  strand 
of  the  DNA  duplex  is  derived  from  each  of  the  viruses  being  compared.   Using 
the  formamide  modification  of  the  basic  protein  film  procedures  for  visualiza- 
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tion  of  the  DNA,  regions  of  sufficient  homology  form  duplex  structures,  while 
regions  containing  heterologous  sequences  remain  as  recognizably  unpaired  single 
strands.   Furthermore,  varying  by  formamide  concentration  (isodenaturation 
procedure)  regions  of  the  genome  containing  partial  homology  may  be  identified, 
careful  measurement  of  these  structural  features  reveal  both  the  extent  and 
map  location  of  sequence  heterology  between  the  viruses  being  compared.   Hetero- 
duplexes  may  be  effectively  purified  using  benzoylated-naphthoylated  DEAE- 
cellulose  (BND)  column  chromatography  and  specifically  fragmented  using  single- 
strand  specific  nucleases.   Viral  DNA  forms  are  also  analyzed  by  hydroxyapatite 
chromatography,  sucrose  gradient  sedimentation  and  agarose  gel  electrophoresis. 


Major  Findings: 

1.   Electron  microscopic  studies  with  DNA  from  a  number  of  human  adenovirus 
serotypes  have  revealed  that  single-stranded,  circular  molecules  are  formed 
when  native  DNA  is  denatured  and  then  annealed.   Owing  to  the  presence  of  an 
inverted  terminal  repetition  the  ends  of  denatured  DNA  molecules  can  self- 
anneal  to  form  the  observed  single-stranded  circles  closed  by  a  duplex  hydrogen- 
bonded  segment.   Although  the  arrangement  of  sequences  within  the  repetition 
should  be  apparent  from  the  morphology  of  the  closure  region,  this  region  had 
been  too  short  to  visualize  by  electron  microscopy.   However,  in  contrast  to  the 
circular  molecules  produced  with  DNA  from  all  other  serotypes,  there  was 
associated  with  each  Ad  18  circular  molecule  a  visible,  apparently  duplex, 
projection  of  0.31  +  0.12  y  in  length  representing  approximately  6%  of  the 
genome.   Occasionally  longer  duplex  projections  have  also  been  observed. 
Alkaline  sucrose  gradient  purification  of  native  molecules  did  not  alter 
formation  of  these  projections.   Treatment  of  a  preparation  of  circular  molecules 
with  N.  crassa,  single-strand  specific  nucleases  resulted  in  the  production  of 
0.34  +  0.09  um  duplex  fragments.   Single-stranded  circles  do  not  form  if  a 
limited  number  of  nucleotides  are  removed  from  the  3'  ends  of  the  native 
molecule  by  E.  coli  exonuclease  III  digestion  prior  to  denaturation  and 
annealing.   Preformed  single-stranded  circles  could  be  converted  to  linear 
molecules  by  similar  treatment.   The  duplex  closure  region  of  circular  molecules 
showed  considerable  heat  stability  requiring  a  temperature  equivalent  above 
the  Tm  of  native  DNA  to  initiate  melting.   We  therefore  conclude  that  Ad  18 
DNA  has  an  unusually  large  inverted  terminal  repetition  and  that  single- 
stranded  circles  are  closed  by  a  duplex  antiparallel  base-paired  "panhandle." 
Length  measurements  of  circular  molecules  and  the  detection  of  specific 
heteroduplexes  predicted  from  an  annealing  of  strands  which  contain  terminal 
repetitions  of  different  lengths  support  the  view  that  1)  repetitious  sequences 
occur  in  place  of  rather  than  in  addition  to  regular  sequences  ?.nd  2)  at  least 
those  molecules  with  relatively  long  repetitions  should  represemt  defective 
genomes . 

2.   Heteroduplex  DNA  molecules,  prepared  by  hybridizing  DNA  of  adenovirus 
serotypes  1,  2  and  5  in  all  three  combinations,  have  been  shown  by  electron 
microscopy  to  contain  two  specifically  located  mismatched  regions.   Single- 
strand  specific  nucleases  from  N.  crassa  cleaved  the  heteroduplexes  into 
three  fragments  as  demonstrated  by  sucrose  gradient  analysis,  agarose  gel 
electrophoresis  and  electron  microscopy.   These  were  produced  in  equimolar 
amounts,  and  are  shown  by  alkaline  sucrose  gradient  analysis  to  be  free  of 
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internal  single-strand  interruptions.   The  size  of  each  of  the  fragments  was 
determined  by  sucrose  gradient  analysis  and  by  electron  microscopic  measurements 
of  the  contour  lengths.   The  three  values  obtained  correspond  to  the  lengths 
of  the  three  double-stranded  regions  in  the  untreated  heteroduplex  molecules. 
The  fragments,  free  of  detectable  single-stranded  tails  have  been  isolated 
preparatively  from  neutral  sucrose  gradients.   Renaturation  kinetic  analyses 
support  the  conclusion  that  each  fragment  represents  a  unique  segment  of  the 
adenovirus  genome . 

3.  Single-stranded  fragments  of  adenovirus  type  2  DNA  were  isolated  from 
infected  KB  cells  under  conditions  which  retarded  reassociation  of  complemen- 
tary sequences  but  did  not  denature  native  viral  DNA.   Of  the  total  intra- 
cellular, virus-specific  DNA,  recovered  from  cells  at  high  efficiencies  after 
a  1  hr  pulse  with  -'H-dThd  beginning  15  hr  after  infection,  about  20%  was 
single-stranded  when  fractionated  on  hydroxyapatite.   This  DNA  shifted  to  the 
double-stranded  fraction  on  hydroxyapatite  during  an  extended  chase  incubation 
suggesting  the  presence  of  single-stranded  DNA  in  replicating  intermediates. 
Furthermore,  single-stranded  DNA  annealed  nearly  equally  to  both 

strands  of  the  adenovirus  genome.   These  findings  are  consistent  with  a  model 
of  DNA  replication  involving  strand-displacement  with  synthesis  of  the  displaced 
strand  being  initiated  from  either  end  of  the  parent  template. 

4.  Phleomycin,  a  polypeptide  with  antibiotic  and  anti-tumor  activity,  produces 
single-strand  breaks  in  purified  adenovirus  and  phage  A  deoxyribonucleic  acid. 
A  reducing  agent  was  required  and  both  native  and  single-stranded  deoxyribo- 
nucleic acids  were  substrates  for  this  activity.   The  limit  reaction  products 
were  acid  insoluble  and  sedimented  at  5  S  or  less  in  sucrose  density  gradients. 
The  deoxyribonucleic  acid  cleaving  activity  of  phleomycin  could  be  measured 

by  a  nitrocellulose  filter  binding  assay  and  characteristics  of  this  assay 
are  described.   Ribonucleic  acid  did  not  appear  to  be  cleaved  by  phleomycin. 


5.   Phleomycin  stimulates  the  incorporation  of  thymidine  triphosphate  (TTP) 
into  DNA  in  isolated  nuclei  from  several  animal  cell  lines;  however,  phleomycin 
also  induces  degradation  of  nuclear  DNA  as  judged  by  alkaline  sucrose 
density  gradient  centrifugation.   The  stimulation  of  TTP  incorporation  by 
phleomycin  requires  Mg^  and  deoxynucleoside  triphosphates.   In  addition, 
phleomycin  activity  has  considerable  heat  stability. 

It  is  suggested  that  stimulation  of  TTP  incorporation  by  phleomycin  may  be 
related  to  an  increase  in  DNA  synthetic  activity  secondary  to  extensive  strand 
breakage  induced  by  the  drug. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  added  dimension  provided  by  the  electron  microscope  heteroduplex  mapping 
method  over  DNA-DNA  hybridization  techniques  is  the  ability  to  localize 
(possibly  within  several  nucleotide  bases  using  techniques  developed  in  this 
laboratory)  regions  of  homology  and  non-homology  along  the  contour  length  of  an 
intact  molecule.   Furthermore,  the  treatment  of  purified  heteroduplex  molecules 
with  single-strand  specific  nucleases  provides  a  procedure  for  generating 
preparative  quantities  of  both  physically  and  genetically  defined  fragments  by 
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3.  method  that  does  not  depend  on  the  recognition  of  sequence-specific  cleavage 
sites.   The  procedure  is  potentially  applicable  to  the  fractionation  of  many 
double-stranded,  polynucleotide  molecules.   Such  genetically  defined  fragments 
could  be  of  help  in  locating  sites  having  specific  functions  in  viral  genomes 
which  in  turn  may  be  necessary  to  understanding  how  viruses  influence  or  gain 
control  of  cellular  functions. 

Proposed  Course  of  the  Project: 

1.  To  continue  using  the  electron  microscope  heteroduplex  mapping  technique 
to  provide  direct  structural  characterizations  of  genomes  from  members 
of  several  oncogenic  and  nononcogenic  adenovirus  groups . 

2.  To  correlate  genetic  maps  with  biochemical  functions  expressed  during 
viral  infection. 

3.  To  define  in  molecular  terms  the  basis  for  genetic  interactions  between 
viruses  and  cells. 

Publications: 


Garon,  C.  F.,  Berry,  K.  W.  ,  Hierholzer,  J.  C,  and  Rose,  J.  A.:   Mapping  of 
base  sequence  heterologies  between  genomes  from  different  adenovirus  sero- 
types. Virology  54:   414-426,  1973. 

Stern,  R. ,  Rose,  J.  A.  and  Rose,  J.  A.:   Phleomyc in-induced  cleavage  of  deoxy- 
ribonucleic acid.   Slochemistry  13:   307-312,  1974. 
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Friedman,  R.  M. ,  Stern,  R.,  and  Rose,  J.  A.:   Phleomycin  stimulation  of  thymidine 
triphosphate  incorporation  by  animal  cell  nuclei.   J.  Nat.  Cancer  Inst.  52: 
693-697,  1974. 

Bartok,  K. ,  Garon,  C.  F.,  Berry,  K.  W. ,  Fraser,  M.  J.,  and  Rose,  J.  A.: 
Specific  fragmentation  of  adenovirus  heteroduplex  molecules  with  single- 
strand  specific  nucleases  of  Neurospora  crassa.   J.  Mol.  Biol. ,  in  press. 
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PHS-NIH 
Indivldtial  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Studies  on  the  Biosynthesis  and  Characterization  of 
Proteins  in  SV40  Transformed  and  Infected  Cells 

Previous  Serial  No . :   Same 

Principal  Investigator:   Dr.  Stanley  Barban 

Other  Investigators: 

Cooperating  Units:   Dr.  Ettore  Appella,  LCB,  NCI 
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Other: 
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Project  Description: 
Objectives: 

1.  Isolation,  identification,  and  characterization  of  the  proteins  specified 
by  the  SV40  viral  genome  early  in  the  infectious  cycle. 

2.  To  examine  and  characterize  the  proteins  that  are  associated  with  the  viral 
DNA  in  infected  and  transformed  cells. 

3.  To  analyze  the  peptide  and  amino  acid  compositions  of  the  structural  pro- 
teins of  SV40  mutants. 

Methods  Employed: 

Simian  virus  (SV40)  was  grown  in  primary  and  continuous  green  monkey  cells 
and  purified  by  density  gradient  sedimentation.   Biosynthesis  of  protein 
macromolecules  was  determined  by  incorporation  of  radioactive  precursors. 
The  labeled  molecules  were  isolated  and  purified  by  gel-electrophoresis. 
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colvnnn  chromatography,  isoelectric  focusing,  differential  zonal  centrifugation, 
immunoabsorption  and  imnuno-precipitation.   Structural  analyses  of  protein 
subunits  was  performed  by  enzymatic  and  chemical  hydrolysis  followed  by  chroma- 
tographic and  electrophoretic  separation.   Cell  fractionation  techniques  was 
used  to  isolate  subcellular  components. 
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Major  Findings: 

A.   Isolation  and  identification  of  virus-induced  proteins  in  SV4Q  infected 
cells.   Immunosorbent  affinity  chromatographic  techniques  was  used  to 
isolate  from  infected  cells  virus  specific  proteins.   Identification  of 
the  labeled  proteins  was  made  by  analytical  polyacrylamide  gel  electro- 
phoresis and  immunochemical  analyses.   Pulse-label  experiments  showed 
that  approximately  5  to  10%  of  the  polypeptides  synthesized  after  infec- 
tion are  identical  to  the  two  major  structural  proteins  of  the  virion, 
the  coat  proteins.   These  appear  after  the  onset  of  viral  deoxyribonucleic 
acid  S3mthesis.   Prior  to  the  viral  DNA  synthesis,  and  in  cells  in  which 
viral  DNA  is  inhibited  by  cytosine  arabinoside  there  appears  two  polypep- 
tides which  are  virus-induced  and  are  not  virion  structural  proteins. 
One  of  the  two  proteins  has  an  estimated  molecular  weight  of  70,000  daltons. 
These  non-structural  proteins  have  not  been  fully  characterized. 

Subunit  Composition  of  the  SV40  capsid  proteins.   Previous  studies  suggested 
that  the  main  coat  protein  of  SV40  is  composed  of  two  identical  subunits. 
Additional  evidence  has  now  been  obtained  by  amino  acid  analyses  and  peptide 
mapping  technique  to  substantiate  the  earlier  findings. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  ultimate  goal  of  these  studies  is  the  isolation  and  characterization  of 
those  proteins  specified  by  the  SV40  viral  genome  which  could  be  related  to 
viral  transformation  or  integration  into  the  host  cell  genome.   Studies  on 
the  proteins  involved  in  virus-induced  transformation,  biosynthesis  of  the 
early  antigens  especially  the  tumor  and  transplantation  antigens  are  of 
special  interest  in  the  study  of  tumor  biology.   An  understanding  of  the 
proteins  or  gene  products  involved  in  viral-transformation  may  enable  us  to 
regulate  or  control  their  biosynthesis  by  immunological  or  appropriate  chemo- 
therapeutic  agents. 


Proposed  Course  of  the  Project: 

Emphasis  will  be  placed  on  developing  specific  immunoabsorbents  and  immunolo- 
gical probes  for  the  isolation  and  characterization  of  those  non-structural 
proteins  specified  by  the  viral  genome.   Infected  cells  in  which  viral  repli- 
cation is  blocked  by  metabolic  inhibitors  will  be  used  to  delineate  and 
simulate  conditions  of  the  transforming  events  to  study  the  SV40  specified 
proteins.   Further  studies  of  the  proteins  found  in  association  with  the  viral 
DNA  in  lytic  and  transforming  infection  will  be  continued. 

Honors  and  Awards: 
None 
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Publications : 

Barban,  S.:  Electrophoretic  differences  in  tbe  capsid  proteins  of  Simian 
Virus  40  plaque  mutants.   J.  Virol. ,  11:971-977,  1973. 

Lake,  R.  S.,  Baxban,  S.,  and  Salzman,  N.  P.:   Resolutions  and  identification 
of  the  core  deoxynucleoproteins  of  the  Simian  Virus  40.   Biochem.  Biophys. 
Res.  Comm.,  54:640-647,  1973. 


39 


Serial  No .  NIAID-SSB 

1.  Biology  of  Viruses 

2.  Physical  Biochemistry 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Biochemistry  of  Chromatin  and  Nucleic  Acids 

Previous  Serial  Number:   Same 

Principal  Investigator:  Dr.  Thomas  Y.  Shih 

Other  Investigators:   Dr.  Malcolm  Martin 

Dr.  George  Khoury 

Cooperating  Unit:   Dr.  H.  J.  Li,  Department  of  Chemistry,  Brooklyn  College 

of  the  City,  University  of  New  York 


Man  Years: 


Total: 

Professional: 

Other: 


NIAID 

Other  NIH 

Guest 

Lab.  Staff 

Personnel 
Assigned 
to  Project 

Workers 

18/12 
18/12 


Total 


18/12 
18/12 


m 


Project  Description: 

Objectives: 

To  study  the  chemistry  and  biology  of  nucleic  acids  and  chromatin,  and 
their  relationship  to  the  regulation  of  viral  gene  expression  during  trans- 
forming and  lytic  infection. 

Methods  Employed; 

A.  Organic  synthetic  methods  were  employed  to  covalently  link  viral  DNA  or 
RNA  to  cellulose  derivatives  for  affinity  chromatography. 

B.  Molecular  hybridization  was  employed  to  study  the  template  function  of 
the  integrated  SV40  genome  in  chromatin  of  virus  transformed  cells. 

C.  Thermal  denaturation  and  circular  dichroism  were  employed  to  study  the 
structure  and  interactions  of  DNA-protein  complexes . 
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Major  Findings: 

A.  Covalent  linkage  of  nucleic  acid  to  cellulose.  DNA  was  chemically  tnnno- 
blllzed  to  neutral  cellulose  powder  using  l-cycloIiexyl-3-(2-morpholino- 
linoetlLyl)-caTBodi±mide  p-tolnienesulfonate  CCMC)  .  Under  the  conditions 
developed,  45-78%  of  fragmented  S?40  DNA  could  he  stahly  linked  to  the  cellu- 
lose matrix  presumably  through  phosphodlester  bonds  involving  the  terminal 
phosphate  group  of  DNA  and  hydroxyl  groups  of  the  neutral  cellulose  SV40 
complementary  RNA  (cRNA)  ,  synthesized  in  vitro  with  E^.  coll  RNA  polymerase 
was  also  securely  immobilized  onto  phosphocellulose  powder  activated  by  1,1'- 
carbonyldiimldazole . 


We  have  been  able  to  isolate  complementary  DNA  or  RNA  sequences  from 
reaction  mixtures  containing  a  vast  excess  of  unrelated  sequences  by  employing 
DNA  or  RNA  cellulose  columns  in  a  continuous  hybridization  system.   From 
thermal  stability  studies  it  was  concluded  that  the  selective  isolation  of 
viral  nucleic  acid  involved  the  formation  of  specific  hybrid  structures  between 
the  circulating  labeled  and  immobilized,  unlabeled,  nucleic  acid  species. 

B.   The  template  function  of  chromatin  of  SV40  transformed  cell  was  studied 
in  an  in  vitro  transcription  system  involving  E^.  coll  RNA  polymerase 
chromatin  is  a  restrictive  template,  the  integrated  viral  sequences  were 
transcribed  and  shown  to  be  complementary  to  the  minus  strand  of  SV40  DNA. 


C.   Conformation  of  DNA  in  chromatin  is  altered  due  to  association  with 
histones.   Since  the  slightly  lysine  rich  histone  is  the  major  protein 
component  of  chromatin,  the  DNA  complexes  of  the  pure  histone  IIb2  was 
studied  by  the  method  of  thermal  denaturation  and  circular  dichroism.   It 
was  found  that  the  pure  histone  induces  conformational  changes  of  DNA  similar 
to  those  found  in  chromatin. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Development  of  the  affinity  chromatographic  methods  for  specific  viral  DNA 
or  RNA  sequence  isolation  could  potentially  add  to  our  understanding  of  the 
molecular  processes  involved  in  viral  infection  and  transformation.   Studies 
on  the  transcription  of  integrated  viral  sequences  in  chromatin  of  transformed 
cells  could  provide  better  understanding  on  the  molecular  basis  of  gene  tran- 
scription, especially  the  molecular  control  of  viral  gene  activity. 

Proposed  Course  of  the  Project: 

To  explore  the  applications  of  the  affinity  chromatographic  methods  in  virus 
research,  and  to  study  the  transcription  of  the  integrated  viral  sequences 
of  chromatin. 

Honors  and  Awards: 

Invited  lecturer  at  the  Brooklyn  College  of  the  City  University  of  New  York 
in  December  1973. 
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Publications: 
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Shih,  T.  Y.  and  Martin,  M.  A.:   A  general  method  of  gene  isolation. 
Nat.  Acad.  Sci.,  70:1697-1700,  1973, 


Proc. 


Shih,  T.  Y.,  Khoury,  G.,  and  Martin,  M.  A.:   In  vitro  transcription  of  the 
viral-specific  sequences  present  in  the  chromatin  of  cells  transformed  by 
simian  virus  40.   Proc.  Nat.  Acad.  Sci.,  70:3506-3510,  1973. 


Leffak,  I.  M. ,  Hwan,  J.  C,  Li,  H.  J.,  and  Shih,  T.  Y.:   Circular  dichroism 
and  thermal  denaturation  studies  of  nucleohistone  IIb2.   Biochemistry,  13: 
1116-1121,  1974. 
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LABORATORY  OF  MICROBIAL  IMMUNITY 


Summary  

110    -  Administration,  Research  Planning  and  Coordination  

111-B  -  Studies  on  the  Pathogenesis  of  Amebic  Enteritis 

111-C  -  Investigations  on  Blastocystis  hominis  in  Germfree  and 

Controlled-Flora  Animals 

111-G  -  The  Pathogenic  Determinants  in  Entamoeba  histolytica  with 

Special  Reference  to  Intracellular  Viruses  of  Non-Pathogenic 

and  Highly  Pathogenic  Strains 

111-H  -  Primary  Amebic  Meningoencephalitis  Due  to  Free-Living 

Amebas  of  the  Genus  Naegleria 

113    -  The  Genetic,  Cellular  and  Regulatory  Factors  in  Autoallergic 

Disease 

113-E  -  Immunologic  Tolerance 

116  -  Control  of  Immunoglobulin  Synthesis 

116-J  -  The  Suppressive  Effects  of  Heterologous  Antithymocyte  Sera 

on  the  Homograft  Reactions  in  Mice  

117  -  The  Immunologic  Response  of  Conventional  and  Germfree  Mice 

to  Blood-Induced  Infections  of  Plasmodium  berghei 

117-E  -  The  Immunologic  Response  of  Animals  Immunized  with 

Trypanosomes  

118  -  Synergy  in  the  Graf t-versus-Host  Response 

118-B  -  Functional  Activities  of  Subpopulations  of  Thymus-Derived 

Lymphocytes 

119-A  -  Quantitative  and  Qualitative  Studies  on  the  Antibody 

Response  to  Pneumococcal  Polysaccharides  at  the  Cellular 
Level  


4 
5 


9 

11 

13 
16 
21 

24 

27 

29 
31 

35 
39 


i 


1 

1 

1 

1 

1 
1 

r—r 


PHS-NIH 
Summary  Statement 
Laboratory  of  Microbial  Immunity 
July  1,  1973  through  June  30,  1974 


Research  in  this  Laboratory  concerns  the  control  and  expression  of  irmnun- 
ity  to  microbial  and  tissue  antigens.   Research  has  progressed  in  several  areas: 
(1)   Functionally  active  thymus-derived  (T)  cells  can  be  separated  from  each 
other.   (2)   T-cells  which  produce  specific  suppression  of  an  immune  response 
to  a  bacterial  polysaccharide  can  be  activated  by  specific  antigen.   (3)   A  new 
molecule,  dinitrophenyl-f Icoll,  is  being  used  to  investigate  activation  and 
paralysis  of  potential  antibody  forming  cells.   (4)   Graf t-versus-host  reactions 
differ  in  reciprocal  hybrid  mice  of  the  same  genotype  suggesting  that  factors 
other  than  genotype  can  determine  the  outcome  of  such  reactions,  a  finding  that 
may  ultimately  have  therapeutic  importance.   (5)   Athymic  "nude"  mice  appear  to 
be  very  susceptible  to  infection  by  certain  viruses  and  develop  a  disorder  simi- 
lar to  human  lupus  erythematosis. 


Major  changes  occurred  in  LMI  in  the  past  year.   The  germfree  animal  unit, 
together  with  four  staff  positions,  were  abolished.   A  planned  expansion  of 
laboratory  and  conventional  animal  space  was  made  impossible  by  the  installa- 
tion of  an  insectary  in  the  area  formerly  occupied  by  the  germfree  unit.   The 
Laboratory  is  supposed  to  move  to  Building  5  in  the  coming  year,  where  the  needed 
space  exists. 

Dr.  Robert  E.  Tigelaar  returned  from  a  productive  working  assignment  in 
London.   He  learned  methods  for  in  vitro  sensitization  and  fractionation  of 
lymphocytes.   This  year  he  became  a  member  of  the  permanent  staff  of  LMI. 
Dr.  John  Finerty  is  on  working  assignment  at  the  Trudeau  Institute,  Saranac 
Lake,  New  York.   He  is  studying  induction  cellular  immunity  to  blood  parasites. 
Dr.  Jeffrey  M.  Jones  joined  the  Laboratory  this  year  as  a  research  associate. 
He  has  been  working  with  Dr.  Phillip  J.  Baker  on  immune  responses  to  Type  III 
pneumococcal  polysaccharide. 
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RESEARCH  ACCOMPLISHMENTS 


TWO  FUNCTIONS  OF  THYMUS-DERIVED  The  immune  response  of  C57BL  mice 

(T)  CELLS  SEPARATED  to  a  DBA/2  tumor  allograft  has  been 

assessed  in  two  assays  of  cell- 
mediatad  immunity,  the  in  vitro  lysis  of  ^ICr-labelled  target  cells  and  the 
antigen-mediated  inhibition  of  macrophage  migration.   Both  assays  were  shown 
to  be  measuring  a  T  cell-mediated  reaction.   Three  types  of  experiments  suggested 
that  distinct  subpopulations  of  T  cells  mediate  these  reactions.   The  subpopu- 
lations  have  (1)  distinctive  tissue  distributions  in  appropriately  immunized 
animals,  (2)  differential  migratory  properties  upon  adoptive  transfer  into 
irradiated  syngeneic  hosts,  and  (3)  distinctive  activity  profiles  after  Ig 
velocity  sedimentation.   In  addition,  normal  spleen  cells  were  fractionated 
by  velocity  sedimentation  immediately  prior  to  allosensitization  in  vitro.   Sub- 
sequent analysis  of  the  sensitized  fractions  revealed  that  the  activity  profiles 
for  cytotoxicity  and  macrophage  migration  inhibitation  were  not  coincident, 
suggesting  that  the  progenitors  of  these  T  effector  cells  may  be  different. 
These  results  give  further  support  to  the  concept  that  the  pool  of  thymus-derived 
lymphocytes  is  composed  of  subpopulations  of  cells,  each  with  discrete  and 
limited  functional  capabilities.   (Drs.  Tigelaar  and  Gorzcynski  (University 
College,  London)) 


SUPPRESSOR  "T"  CELLS  MEDIATE 


LOW-DOSE  PARALYSIS 


Prior  treatment  with  very  low  doses 
of  Type  III  pneumococcal  polysacchar- 
ide (SSS-III)  greatly  reduces  the 
capacity  of  mice  to  respond  to  subsequent  immunization  with  this  antigen.   Such 
low-dose  paralysis,  which  is  antigen-specific,  could  not  be  induced  in  the  ab- 
sence of  thymic-derived  cells  (T  cells)  and  could  be  abrogated  by  treatment  with 
antilymphocyte  serum  (ALS),  a  procedure  reported  to  inactivate  suppressor  T 
cells.   These  findings  suggest  that  low-dose  paralysis  to  SSS-III  is  a  T  cell 
dependent  phenomenon  in  which  suppressor  T  cells,  activated  by  low  doses  of 
antigen,  play  a  major  role.   (Dr.  Baker,  Mr.  Stashak,  and  Miss  Amsbaugh,  with 
Dr.  Prescott,  Laboratory  of  Microbiology,  NIAID) 
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PROPERTIES  OF  A  HAPTEN-CONJUGATED  Studies  upon  the  induction  of  toler- 

POLYSACCHARIDE  STUDIED  ance  have  indicated  that  the  hapten 

dinitrophenol  can  induce  tolerance 
in  vitro  when  coupled  to  a  sugar  carrier,  Ficoll.   The  number  of  haptens  per 
unit  volume  of  the  culture  is  more  important  than  the  number  of  carrier  mole- 
cules in  the  process.   The  rapidity  of  induction  of  tolerance  was  faster  when 
the  number  of  haptens  per  carrier  molecule  was  a  large  number.   The  process 
occurred  too  rapidly  to  be  accounted  for  by  the  normal  decay  of  messenger  RNA, 
yet  left  the  cells  alive  as  judged  by  a  dye  exclusion  test.   DNP-ficoll  can  also 
be  used  to  induce  immunity  in  vitro  if  very  low  doses  are  employed. 
(Drs.  McMaster,  Bachvaroff  (not  NIH) ,  and  Rappaport  (not  NIH)) 


GRAFT-VER5US-H0ST  (GVH)  REACTIONS  IN 
RECIPROCAL  HYBRID  MICE  STUDIED 


Spleen  cells  from  BALB/c  and  C57BL/6 
mice  were  testeo  for  their  reactivity 
against  reciprocal  hybrid  tissues 
((BALB/c  X  C57BL/6)  Y-^   and  (C57BL/6  x  BALB/c)  F-j^)  in  three  assay  systems — the 


j,^:. 


mixed  lymphocyte  reaction  (MLR) ,  the  Simonsen  spleen-weight  GVH  assay,  and  a 
GVH  mortality  assay.   It  was  shown  that  both  F, 's  serve  as  equally  effective 
stimulators  of  parental  cells  in  the  MLR.   In  the  spleen-weight  assay,  BALB/c 
and  C57BL/6  cells  were  equally  active  in  a  given  host,  but  greater  splenomegaly 
was  observed  in  (BALB/c  x  C57BL/6)  F-^   hosts  regardless  of  the  donor  strain. 
By  contrast,  BALB/c  cells  were  much  less  lethal  than  C57BL/6  cells  in  (BALB/c  x 
C57BL/6)  F-^   hosts  than  in  (C57BL/6  x  BALB/c)  F^  hosts,  and  to  a  lesser  degree 
C57BL/6  cells  were  less   lethal  than  BALB/c  cells  in  (C57BL/6  x  BALB/c)  Fj^ 
hosts.   The  possibilities  exist  that  modifying  substances  may  differentially 
alter  reactivity  of  parental  lymphocytes  and  that  considerations  other  than 
genotype  determine  the  outcome  of  a  GVH  reaction.   (Drs.  Morse,  Harrison  (LI), 
and  Asofsky) 


"AUTOIMMUNE"  DISEASE  IN  ATHYMIC  MICE       Sera  from  one-  to  four-month-old 

congenitally  athymic  "nude"  mice 
and  their  phenotypically  normal  littermates  (LM)  were  tested  for  their  capacity 
to  bind  double  stranded  DNA  and  RNA.   Sera  from  nudes  bound  significantly  more 
DNA  than  did  LM  sera  with  no  differences  in  RNA-binding  capacity  being  demon- 
strable.  Decline  in  the  clinical  state  of  nude  mice  was  associated  with  in- 
creased serum  DNA-binding  capacity.   Nude  mice  grafted  with  thymi  at  one  month 
of  age  had  reduced  serum  DNA-binding  capacities  when  compared  to  non-grafted 
nudes.   Immunof Increscent  staining  of  kidneys  from  nude  mice  revealed  the  pres- 
ence of  significant  amounts  of  IgM,  IgG-,,  IgG2,  and  IgA  immunoglobulins  in  the 
glomeruli  of  nudes  but  not  LM  mice.   In  some  cases,  immunoglobulin  was  associ- 
ated with  complement  (S>Iq)    deposition.   These  findings  may  be  explained  by  the 
absence  of  suppressor  cells  or  by  the  existence  of  chronic  infection  in  athymic 
mice.   These  mice  often  have  chronic  hepatitis,  and  mouse  hepatitis  virus  can  be 
isolated  from  their  livers.   (Drs.  Morse,  Steinberg  (A),  Schur  (not  NIH) ,  and 
Cross  (not  NIH)) 
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PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Administration,  research  planning  and  coordination 

Previous  Serial  Number:   Same 

Principal  Investigator:   Richard  Asofsky 

Other  Investigators:   None 

Cooperating  Units:   Nona 

Man  Years: 


Other  NIH  Personnel    Guest 
Assigned  to  Project   Workers 


NIAID 

Lab.  Staff 

Total: 

14/12 

Professional: 

2/12 

Other: 

12/12 

TOTAL 

14/12 

2/12 

12/12 
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Project  'description: 

Administrative  and  supervisory  support  is  provided  to  all  personnel  and 
to  each,  project  of  the  Laboratory. 

Research  plans  are  discussed  with  the  various  investigators,  over-all 
evaluations  made  and  the  research  activities  of  the  Laboratory  coordinated. 
Collaborative  research  with  specialists  in  other  laboratories  of  NIAID,  or 
institutes  of  the  NIH,  or  various  university  investigators  is  encouraged  and 
assistance  given  the  professional  staff  in  effecting  the  necessary  arrangements. 
Technical  consultation  is  provided  to  individuals  of  the  NIH,  and  to  scientists 
of  other  departments  of  the  Government  or  academic  organizations.   Assistance 
is  provided  the  professional  staff  in  the  preparation  of  manuscripts  and  in 
editing  and  reviewing  a  variety  of  technical  reports.   The  needs  of  all  personnel 
are  evaluated  and  an  effort  made  to  obtain  the  necessary  equipment  and  supplies 
for  the  efficient  conduct  of  research.   Budget  requirements  are  forecast  on  a 
yearly  basis  and  emergency  needs  dealt  with  as  problems  arise.   Supervision  is 
given  in  regard  to  laboratory  expenditures,  travel  of  personnel,  and  correspond- 
ence.  When  possible,  highly  qualified  professionals  and  technicians  are  sought 
as  staff  additions  or  replacements  to  insure  a  high  level  of  research  excellence. 
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Serial  No.  NIAID  -  111-B 

1.  Microbial  Immunity 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Studies  on  the  pathogenesis  of  amebic  enteritis 

Previous  Serial  Number:   None 

Principal  Investigator:   Bruce  P.  Phillips 

Other  Investigators:   Akio  Takeuchi 

Cooperating  Units:   Department  of  Experimental  Pathology,  Walter  Reed  Army 

Institute  of  Research,  Washington,  D.C. 
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Man  Years: 


NIAID        Other  NIH  Personnel     Guest 
Lab.  Staff     Assigned  to  Project    Workers    TOTAL 


4/12 
4/12 


4/12 
4/12 


Total: 

Professional: 

Other: 

Project  Description: 

Objectives: 

To  observe  and  record  the  microscopic  alterations  and  events  associated 
with  the  penetration  of  enteric  tissues  by  Entamoeba  histolytica  including 
response  of  tissue  including  its  microcirculation  to  amebic  invasion. 

Methods  Employed: 

Germfree  guinea  pigs  are  inoculated  with  E.  histolytica  and  the  accom- 
panying enteric  flora  from  acute  cases  of  amebic  enteritis  in  humans.   At  var- 
ious intervals  after  inoculation,  the  animal  is  anesthetized  with  ethyl  carbamate 
and  a  newly-developed  method  for  microscopic  observation  of  the  cecal  mucosa 
and  its  microcirculation  in  the  living  anesthetized  animal  is  employed  for  ob- 
serving changes  associated  with  pathogenesis  of  the  disease.   An  ever  present 
16  mm  movie  camera  is  used  to  record  tissue  events  which  occur  by  time-lapse 
photomicrography. 

Major  Findings: 

The  first  phase  of  the  studies  has  been  reported.   This  concerned  the 
mechanism(s)  of  tissue  penetration  by  ameba.   The  current  phase  is  new  and 
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much  effort  has  gone  into  development  of  the  complex  technical  procedures  in- 
volved.  Observations  thus  far  have  been  limited  to  those  involving  early 
effects  on  the  microcirculation  with  stagnation  and  thrombosis  together  with 
some  increase  in  wandering  histiocytes  but  no  direct  observations  as  yet  of 
amebic  penetration  of  epithelium. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Although  we  have  previously  observed  and  reported  the  first  detailed 
study  of  mechanisms  of  tissue  invasion  in  amebic  enteritis  based  on  large 
scale  (EM)  fine  structure  observations,  it  is  important  in  tliis  ubiquitous 
disease  to  learn  as  much  as  possible  about  the  microscopic  events  associated 
with  its  pathogenesis. 

Proposed  Course  of  Project: 

This  research  will  be  discontinued  as  the  result  of  reduction  in  program. 

Honors  and  Awards:   None 

Publ ications: 
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Takeuchi,  A.,  and  Phillips,  B.  P.:   Electron  microscopic  studies  of  Entamoeba 
histolytica  infection  in  the  guinea  pig.   I.  Penetration  of  the  intestinal 
epithelium  by  trophozoites.   Am.  .1.  Trop.  Med,  and  Hyg-   In  press. 
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Serial  No.  NIAID  -  111-C 

1.  Microbial  Immunity 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Investigations  on  Blastocystis  hominis  in  germfree  and 
controlled-f lora  animals 


Previous  Serial  Number:   Same 

Principal  Investigator:   Bruce  P.  Phillips 

Other  Investigators:   Charles  H.  Zierdt 

Cooperating  Units:   Laboratory  of  Clinical  Pathology,  Clinical  Center,  NIH, 

Bethesda,  Maryland 


Man  Years : 


NIAID       Other  NIH  Personnel     Guest 
Lab.  Staff    Assigned  to  Project    Workers 


Total: 

2/12 

Professional: 

2/12 

Other: 

— 

TOTAL 

2/12 
2/12 


Project  Description: 

Objectives: 

To  ascertain  whether  Blastocystis  hominis  from  symptomatic  cases  of  en- 
teritis possibly  attributable  to  this  organism  does  indeed  have  pathogenic 
potential  and,  if  so,  under  what  conditions. 

Methods  Employed: 

Blastocystis  hominis  and  its  accompanying  enteric  flora  from  Clinical 
Center  patients  with  enteric  symptoms  of  undiagnosed  etiology  is   introduced 
intracecally  into  germfree  guinea  pigs.   Animals  are  observed  ^or  symptoms  and 
are  sacrificed  at  various  intervals  and  examined  for  enteric  tissue  changes  and 
for  degree  of  B.  hominis  infection  in  the  gut. 

Major  Findings: 

We  previously  showed  the  B.  hominis  could  be  freed  of  its  accompanying 
flora  with  a  combination  of  eight  antibiotics,  but  it  would  not  survive  in  the 
gut  of  the  germfree  guinea  pig.   More  recently,  success  has  been  achieved  in 
cultivating  this  protozoan  axenically  in  pre-reduced  medium  (it  is  an  obligate 
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anaerobe)  and  these  organisms  have  likewise  shown  an  inability  to  survive  in  the 
germfree  gut  (which  has  a  high  redox  potential).  The  organism  has  also  exhib- 
ited an  inability  to  establish  infections  and  grow  in  the  intestine  of  conven- 
tional animals.  However,  recent  experiments  wherein  B.  hominis  and  its  accom- 
panying enteric  flora  from  human  patients  were  inoculated  intracecally  into 
germfree  guinea  pigs  have  produced  many  heavy  infections.  In  several  of  these 
infections  the  .inimals  have  shown  diarrheal  symptoms  and  some  weight  loss.  In 
one  animal  with  a  particularly  heavy  infection,  the  cecum  showed  a  superficial 
erythema. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 

There  have  been  a  number  of  hospital  patients  in  whom  severe  enteric 
symptoms  could  not  he  attiibuted  to  the  presence  of  any  known  pathogens  but 
who  harbored  heavy  infections  with  B.  liominis.   It  is  important  to  ascertain 
if  this  protozoan,  long  erroneously  classified  as  a  yeast  and  considered  harm- 
less, docs  possess  pathogenic  potential  and  if  so,  under  wliat  conditions  does 
it  manifest  pathogenicity. 

Proposed  Course  of  Project: 

Tliis  research  will  be  discontinued  as  the  result  of  reductions  in  program. 

Honors  and  Awards :  None 

Publ ications: 

Phillips,  B.  P  ,  and  Zierdt,  C.  H.  :  Blastocyst  is  liominis:  An  ameba  with 
pathogenic  potential.  Proc.  Assoc.  Gnotob iot ics,  Cuclpli,  Ontario,  1974. 
In  press. 
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1.  Microbial   Inununity 
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3.  Bethesda,  Maryland 


Project  Title: 


PHS-NIH  . 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

The  pathogenic  determinants  in  Entamoeba  histolytica  with 
special  reference  to  intracellular  viruses  of  non-pathogenic 
and  highly  pathogenic  strains 


Previous  Serial  Number:   None 

Principal  Investigator:   Bruce  P.  Phillips 

Other  Investigators:   Louis  S.  Diamond* 

Carl  F.  T.  Mattern** 

Cooperating  Units:   *Laboratory  of  Parasitic  Diseases,  NIAID 

**Laboratory  of  Virus  Diseases,  NIAID 


Man  Years; 


Total: 

Professional: 

Other: 


NIAID 
Lab,  Staff 

2/12 
2/12 


Other  NIH  Personnel     Guest 
Assigned  to  Project    Workers 


TOTAL 

2/12 
2/12 


Project  Description: 

Objectives: 

To  ascertain  why  strains  of  morphologically  identical  Entamoeba  histolytica 
vary  to  the  extreme  in  their  pathogenic  potential  and  to  identify  the  factor (s) 
responsible  for  this  phenomenon. 

Methods  Employed: 

Numerous  strains  of  axenically  cultivated  E.  histolytica  are  inoculated 
intrahepatically  into  young  adult  jirds.   The  animals  are  sacrificed  at  various 
post- inoculation  intervals  and  evaluated  for  pathologic  changes  of  amebic  origin. 
The  strains  of  amebas  are  also  studied  by  electron  microscopy  for  characteristics 
that  might  be  determinants  of  their  pathogenic  index  with  special  reference  to 
their  intracellular  viruses. 

Major  Findings: 

A  number  of  strains  of  the  ameba  comprising  formerly  pathogenic  strains 
that  became  non-pathogenic  in  axenic  culture  have  failed  to  produce  lesions 
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in  the  livers  of  jirJs.   These  strains  were  all  observed  by  EM  to  contain  a 
polyhedral  virus.   Another  strain  of  the  ameba  that  contains  a  filamentous 
virus  in  addition  to  the  polyhedral  virus  regularly  produces  invasive  amebic 
lesions  in  the  livers  of  inoculated  jirds. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

For  nearly  a  century  many  highly  skilled  investigators  throughout  the 
world  have  sought  answers  to  the  question  why  morphologically  identical  E. 
histolytica  often  fail  to  evoke  symptoms  in  some  of  their  hosts  (human)  whereas 
in  others  it  may  kill  and  does  so  with  great  frequency  in  many  areas  of  the 
world.   Knowledge  of  factors  responsible  may  enhance  and  appreciable  inter- 
national efforts  directed  toward  better  control  and  treatment  of  this  disease. 

Proposed  Course  of  Project; 

This  research  will  be  discontinued  as  a  result  of  reductions  in  program. 

Honors  and  Awards :   None 

Phillips,  B.  P.:   Entamoeba  histolytica:   Concurrent  irreversible  loss  of 
infectivity/pathogenicity  and  encystment  potential  after  prolonged  maintenance 
in  axenic  culture  in  vitro.   Ex.  Parasitol.   34:  163-167,  1973. 

Diamond,  L. ,  Phillips,  B.  P.,  and  Bartgis,  I.  L. :  Virulence  of  axenically 
cultivated  Entamoeba  histolytica.   Arch,  de  Investigacion  Medica.   99-104,  1973. 
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Serial  No.  NIAID  -  111-H 

1.  Microbial  Immunity 

2.  Office  of  the  Chief 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Primary  amebic  meningoencephalitis  due  to  free-living  amebas 
of  the  genus  Naegleria 

Previous  Serial  Number:   None 

Principal  Investigator:   Bruce  P.  Phillips 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years: 

NIAID     Other  NIH  Personnel     Guest 
Lab.  Staff  Assigned  to  Project    Workers    TOTAL 

Total:  4/12  "  4/12 

Professional:      4/12  4/12 

Other: 

Project  Description: 

Objectives : 

To  assess  the  inherent  pathogenicity  of  this  free-living  species  of  ameba 
in  an  animal  free  of  other  microorganisms  and  to  evaluate  several  potential 
methods  of  entry  of  the  ameba  into  the  host. 

Methods  Employed: 

Free-living  amebas  of  the  genus  Naegleria,  derived  from  a  fatal  case  of 
amebic  meningoencephalitis  in  a  27-year-old  male  in  Richmond,  Virginia,  are 
inoculated  intranasally,  intraorally,  into  the  conjunctival  sac  near  the  inner 
canthus  of  the  eyes,  and  into  induced  skin  lesions  in  germfree  guinea  pigs. 
Animals  that  die  or  are  sacrificed  are  examined  for  lesions  or  tissue  changes 
in  the  brain,  lungs,  liver,  spleen  and  intestines.   Germfree  isolators  are 
carefully  monitored  for  presence  of  microorganisms  other  than  the  ameba. 

Major  Findings: 

Germfree  guinea  pigs  inoculated  intranasally  with  as  few  as  18  amebas  have 
succumbed  at  post- inoculation  intervals  of  from  6  to  11  days  with  amebic  men- 
ingoencephalitis.  None  of  the  animals  inoculated  by  other  routes  of  adminis- 
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tration  have  developed  symptoms  and  all  appeared  normal  when  sacrified  up  to 
the  84th  post-inoculation  day.   However,  the  germfree  animals  which  are  a 
superb  culture  medium)  have  uncovered  an  unidentifiable  diphtheroid  that  grows 
as  an  intracellular  symbiont  in  this  strain  of  Naegleria;  this  symbiont  was 
not  detectable  by  previously  employed  bacteriological  procedures.   Drug  sensi- 
tivity studies  of  the  diphtheroid  have  indicated  its  sensitivity  to  arapicillin 
and  lincomycin  and  after  six  months  treatment  with  a  combination  of  the  two 
antibiotics,  it  is  hoped  that  the  ameba  have  been  freed  of  this  symbiont. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

There  have  been  at  least  57  fatal  cases  of  primary  amebic  meningoencephal- 
itis, attributable  to  this  free-living  ameba,  reported  from  countries  as  remotely 
apart  as  U.S.A.  (Virginia  and  Florida),  Czechoslovakia,  Australia,  and  England. 
All  cases  were  rapidly  fatal,  unresponsive  to  drugs  and  all  were  believed  to 
have  been  acquired  while  swimming.   The  organism  has  again  been  shown  experi- 
mentally in  the  present  studies  to  be  capable  of  penetrating  the  nasal  mucosa 
and  reaching  the  brain.   This  appears  almost  surely  to  be  its  method  of  entering 
the  host.   This  ameba  is  a  very  ubiquitous  organism  that  inhabits  fresh  water 
ponds,  lakes,  streams,  and  even  moist  soil  throughout  the  world.   It  is  insensi- 
tive to  10  p. p.m.  chlorine  and  has  been  isolated  from  chlorine-treated  swimming 
pools  and  even  from  treated  tap-water.   It  remains  unknown  why  this  previously 
harmless  ameba  has  within  the  past  few  years  become  a  dreaded  pathogen  (some 
strains).   There  is  speculation  that  this  may  be  a  new  strain,  or  that  it  may 
be  a  case  of  evolutionary  transformation  in  which  case  it  presents  a  potential 
public  health  problem  of  magnanimous  magnitude.   It  is  imperative  that  as  much 
information  as  possible  be  obtained  as  rapidly  as  possible  regarding  this  ameba 
and  the  invariably  fatal  disease  it  produces.   It  is  not  inconceivable  that 
epidemics  of  appreciable  proportions  could  erupt  in  any  country  of  the  world 
at  any  time. 

Proposed  Course  of  Project: 

This  research  will  be  discontinued  as  the  result  of  reductions  in  program. 

Honors  and  Awards:   None 

Publications: 

Phillips,  B.  P.:   Naegleria:  Another  pathogenic  ameba.   Am.  J.  Trop.  Med,  and 
Hyg.   In  press  (Sep  1974  issue).   (Presented  at  annual  meeting,  Houston  1974) 
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Serial  No.  NIAID  -  113 

1.  Microbial  Immunity 

2.  Microbiology  and  Immunology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   The  genetic,  cellular  and  regulatory  factors  in  autoallergic 
disease 

Previous  Serial  Number:   Same 

Principal  Investigator:   Philip  R.  B.  McMaster 

Other  Investigators:   Richard  Asofsky,  LMI,  NIAID 

Michael  Kyriakos* 
James  D.  Owens,  LMI,  NIAID 
Vernon  G.  Wong** 

Cooperating  Units:   *Department  of  Pathology,  Barnes  Hospital,  St.  Louis, 

Missouri 

**Department  of  Ophthalmology,  Georgetown  University, 
Washington,  D.C. 


Man  Years : 


Total: 

Professional: 

Other: 


NIAID 
Lab.  Staff 

17/12 

6/12   . 
11/12 


Other  NIH  Personnel     Guest 
Assigned  to  Project    Workers 


TOTAL 

17/12 

6/12 

11/12 


Project  Description:      ..-.  .       . 

Project  Subtitle  I:   Genetic  regulation  of  autoimmune  ureitis 

Objectives : 

To  elucidate  the  factors  controlling  the  pathogenic  autoimmune  disease. 

Methods  Employed; 

Guinea  pigs  were  immunized  with  guinea  pig  thyroid  extract  and  Freund's 
complete  adjuvant,  or  with  guinea  pig  retina-uveal  extract  in  adjuvant.   In 
certain  instances,  bovine  gamma  globulin  was  added  to  the  tissue  antigen 
mixture.   The  animals  were  observed  for  six  weeks,  then  skin  tested,  to  meas- 
ure delayed  hypersensitivity;  their  sera  tested  for  humoral  antibody  and  their 
tissues  examined  histologically. 


13 


a 


_J 


\ 


f^^^^ 


Major  Findings: 

When  inmunized  with  ocular  antigen.  Hartley  strain  and  NIH  strain  guinea 
pigs  develop  a  severe  uveitis,  and  Strain  13  guinea  pigs  develop  moderate 
uveitis.   However,  Strain  2  guinea  pigs  do  not  develop  any  uveitis  at  all. 
All  produce  delayed  type  skin  hypersensitivity  and  all  but  the  Strain  2  anti- 
body to  the  ocular  antigen.   By  contrast,  if  immunized  with  thyroid  antigen, 
the  Strain  2  develops  thyroiditis  almost  as  strongly  and  as  readily  as  the 
Strain  13. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  results  indicate  that  the  factors  controlling  the  production  of  auto- 
immune disease  in  guinea  pigs  differ  depending  upon  the  organ  target-  antigen. 
Elucidation  of  these  particular  differences  may  clarify  the  factors  that  cause 
the  disease  and  lead  to  a  better  understanding  of  areas  which  can  be  controlled 
so  as  to  treat  these  diseases. 

Proposed  Course  of  Project: 

To  investigate  the  types  of  leukocytes  involved  in  the  production  of  these 
diseases  and  the  role  of  inflammatory  mediators  in  their  pathogenesis. 


Project  Subtitle  II:   The  role  of  complement  in  the  production  of  autoimmune 

disease 
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Objectives : 

To  determine  if  complement  is  important  in  the  production  of  autoimmune 
nephritis,  thyroiditis  and  uveitis. 

Methods  Employed: 

Guinea  pigs  are  immunized  with  kidney  extract,  thyroid  extract  or  retina- 
uveal  extract  in  Freund's  adjuvant.   They  are  examined  at  suitable  intervals, 
and  at  the  end  of  the  study,  their  tissue  frozen  or  fixed  for  histologic  exami- 
nation with  ordinary  light  microscope  or  with  fluorescent  staining  techniques 
for  localization  of  antibody  and  complement. 

Major  Findings: 

Guinea  pigs  deficient  in  the  fourth  component  of  complement  develop  as 
much  nephritis,  thyroiditis,  or  uveitis  as  others  which  have  normal  amounts  of 
the  fourth  complement  component  following  active  immunization.   Following  pas- 
sive immunization  with  antikidney  sera,  they  also  develop  as  much  kidney  disease 
as  the  normals. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

This  study  shows  that  the  fourth  component  of  the  complement  system  is  not 
required  for  the  production  of  these  diseases. 
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Proposed  Course  of  Project: 

To  study  the  role  of  the  third  component  of  complement,  the  production  of 
these  diseases  using  C4  deficient  guinea  pigs  whose  third  component  has  been 
depleted  by  cobra  venom  factor. 


Honors  and  Awards ; 


Publications: 


None 


M 


McMaster,  P.  R.  B. ,  Kyriakos,  M. ,  and  Owens,  J.  D. :   A  comparison  of  autoimmun- 
ity and  experiemental  allergic  thyroiditis  in  Strain  2  and  Hartley  strain  guinea 
pigs.   In  pr^^ss. 

Rudofsky,  U.  H. ,  McMaster,  P.  R.  B.,  Wai-Sa,  M.  ,  Steblay,  R.  W. ,  Pollara,  B. : 
Experimental  autoimmune  renal  cortical  tubulointerstitial  disease  in  guinea 
pigs  lacking  the  fourth  component  of  complement  (C4) .   J.  Immunol.   112:  1387- 
1393,  1974. 
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Serial  No.  NIAID  -  113-E 

1.  Microbial  Immunity 

2.  Microbiology  and  Immunology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Immunologic  Tolerance 

Previous  Serial  Number:   Same 

Principal  Investigator:   Philip  R.  B.  McMaster 

Other  Investigators:   Richard  Asofsky,  LMI,  NIAID 

James  D.  Owens,  LMI,  NIAID 
William  Paul* 
Donald  Mosier* 
John  Finerty***** 
Charles  W.  Boone** 
Radoslav  Bachvaroff *** 
Felix  Rapaport*** 
Robert  Weichbrodt**** 

Cooperating  Units:   *Laboratory  of  Immunology,  NIAID,  NIH 

**Viral  Biology  Branch,  NCI,  NIH 

***Department  of  Surgery,  New  York  University  School  of 
Medicine,  New  York,  New  York 
****Student 

*****Work  Assignment:  Trudeau  Institute,  Saranac  Lake, 
New  York 


Man  Years; 


NIAID 

Lab.  Staff 

Total: 

17/12 

Professional: 

6/12 

Other: 

11/12 

Other  NIH  Personnel      Guest 
Assigned  to  Project     Workers 


TOTAL 

17/12 

6/12 

11/12 


Project  Description: 

Project  Subtitle  I:   The  production  of  immunity  and  tolerance  to  pneumococcal 

polysaccharide  when  soluble,  coupled  to  proteins  and  when 
presented  as  an  insoluble  cross  linked  product 

Objectives: 

To  determine  the  importance  of  the  physical  form  and  size  of  immunogens 
and  tolerogens  in  the  induction  of  immunity  and  tolerance. 
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Methods  Employed: 

Type  III  pneumococcal  polysaccharide  is  coupled  to  protein  with  nitro- 
benzyl  bromide  or  cyanuric  chloride,  or  cross  linked  in  an  insoluble  sheet 
with  formalin.   These  are  injected  in  mice  and  guinea  pigs  with  or  without 
adjuvants;  the  response  is  measured  with  agglutinin  tests  or  by  radioimmunoassay. 


Major  Findings: 

Large  quantities  of  polysaccharide  inoculated  in  animals  prevent  subsequent 
immunization  with  the  antigen.  This  occurs  with  the  same  minimal  dose  whether 
the  antigen  is  soluble  or  is  coupled  to  protein  to  produce  an  insoluble  product. 
Cross  linked  pieces  of  polysaccharide,  which  are  also  insoluble,  are  also  effec- 
tive. However,  when  enclosed  in  millipore  chambers,  the  insoluble  products  have 
no  effect  even  if  the  amount  enclosed  is  1,000  times  the  minimal  amount  required 
if  not  enclosed  in  a  chamber. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  work  indicates  that  animals  become  tolerant  to  these  large  complex 
haptens  as  readily  when  the  complex  hapten  or  antigens  are  presented  as  insolu- 
able  material  as  when  presented  as  soluble  products.   The  data  indicate  that 
the  leukocytes  need  access  to  the  insoluble  antigen  depot  to  become  tolerant. 

Proposed  Course  of  Project; 

To  evaluate  the  role  of  the  size  of  the  antigen  in  the  induction  of  toler- 
ance and  its  persistence  in  the  animal  as  a  requisite  for  maintenance  of 
tolerance. 


Project  Subtitle  II: 


Mechanisms  in  the  induction  of  tolerance  to  haptens  in 
vitro  and  in  vivo 


Objectives: 

To  study  the  mechanisms  of  tolerance  to  a  hapten,  dinitrophenol  coupled 
to  T  cell  dependent  carrier  proteins,  and  a  B  cell  stimulating  carrier  -  Ficoll. 


Methods  Employed: 


Tissue  cultures  of  mouse  spleen  are  prepared  using  spleen  cells  from  pre- 
pared mice  that  had  been  given  four  days  earlier  2  X  10   sheep  red  blood  cells 
(SRBC)  I.V.   The  cultures  are  stimulated  to  make  antibody  to  dinitrophenol 
(DNP)  by  adding  to  the  culture  SRBC  coupled  to  trinitrophenol  (TNP).   DNP-Ficoll 
derivatives  are  added  for  selected  times  and  then  washed  off.   The  cultures 
are  assayed  for  antibody  forming  cells  using  the  plaquing  technique.   The  number 
of  cells  per  culture  making  antibody  to  SRBC  and  to  DNP  are  compared. 

Mice  are  injected  IV  or  IP  with  the  DNP-Ficoll  and  their  serum  antibody 
measured  by  the  Farr  test  and  spleen  plaquing  antibody  forming  cells  measured. 
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Major  Findings: 

Adding  DNP-Ficoll  to  a  tissue  culture  will  Induce  tolerance  to  DNP.   That 
is,  it  prevents  the  development  of  antibody  forming  cells  capable  of  making 
antibody  to  DNP.   This  occurred  when  DNP-Ficoll  is  added  at  the  beginning  of 
the  culture  or  after  the  culture  has  started  making  antibody  to  DNP.   If  added 
and  then  washed  off  the  cells,  DNP-Ficoll  still  induces  tolerance.   The  expos- 
ure time  needs  to  last  more  than  two  hours,  when  the  substitution  ratio  was  less 
than  50  DNP  groups  per  Ficoll  molecule. 


kl  ^ 


The  number  of  DNP  groups  per  Ficoll  molecule  can  vary  greatly  and  still 
induce  tolerance.   Preparations  with  an  average  of  1.2  DNP  molecules  per  Ficoll 
carrier  are  effective  and  so  are  those  with  20  or  30,  even  though  those  with  a 
low  substitution  ratio  are  not  immunogens.   The  amount  of  hapten,  not  the  number 
of  carrier  molecules  with  hapten,  was  the  most  important  factor.   These  DNP- 
Ficoll  preparations  did  not  alter  the  response  to  sheep  RBC  in  vitro  indicating 
the  response  was  specific. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  system  will  permit  an  analysis  of  the  biochemical  and  cellular  events 
that  are  important  in  the  induction  of  tolerance  in  vitro. 
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Proposed  Course  of  the  Project: 

To  study  the  importance  of  cell  interactions  and  chemical  mediators  in  the 
induction  of  tolerance  with  this  system. 

Project  Subtitle  III:   Immunity  and  tolerance  in  vivo  to  dinitrophenol  coupled 

to  B  cell  stimulating  carriers  and  to  T  cells  stimulating 
carriers 

Objectives : 

To  study  the  induction  of  tolerance  as  measured  by  antibody  formation  and 
skin  allergy  to  a  hapten  dinitrophenol  (DNP)  in  vivo;  to  delineate  the  mechanism 
of  tolerance  and  the  influence  of  the  number  of  haptens  per  molecule. 

Methods  Employed: 

Dinitrophenyl-£-aminolysine  is  coupled  to  Ficoll  with  cyanuric  chloride. 
Dinitrof luoro  benzine  was  also  coupled  to  keyhole  limpet  hemocyanin.   These 
molecules  were  injected  into  mice  and  guinea  pigs  either  as  a  solution  or  in 
Freund's  adjuvants.   The  antibody  titer  was  measured  by  radioimmunoassay  and 
the  allergic  response  measured  by  injecting  the  material  in  tae  foot  pad,  allow- 
ing one  to  measure  the  permeability  change  with  labelled  protein  or  by  injecting 
the  antigenic  substance  in  the  skin  to  observe  the  response.   Histologic  sections 
of  the  skin  response  were  examined. 

In  mice,  an  average  of  1.2  molecules  of  DNP  per  Ficoll  molecule  proved  to 
be  tolerogenic  but  not  antigenic.   Higher  substitution  ratios  in  mice  were  both 
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The  prolonged  skin  reaction  was  absent  in  animals  tested  six  weeks  after 
immunization  provided  they  were  deviated  by  skin  tests  five  days  after  immuni- 
zation, a  process  that  had  little,  if  any,  effect  on  the  antibody  titer. 

When  DNP  Ficoll  was  added  to  the  peritoneal  exudate  cells  of  animals  im- 
munized with  DNP  KLH,  it  inhibited  the  migration  of  the  cells,  a  phenomena 
considered  a  correlate  of  delayed  sensitivity  and  not  of  serum  antibody. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  studies  indicate  that  tolerance  to  DNP  can  be  readily  induced  in  vivo 
by  injecting  suitable  amounts  of  that  hapten  coupled  to  Ficoll.   They  also 
show  that  the  tolerance  is  long  lasting  and  includes  not  only  antibody  forma- 
tion but  delayed  type  of  hypersensitivity.   They  may  also  show  that  delayed 
sensitivity  can  be  elicitied  with  DNP  on  a  carbohydrate  carrier  that  is  very 
different  from  the  immunizing  protein  carrier.   The  substitution  ratio  needed 
to  elicit  the  reaction  was  not  important.   Even  very  low  non- immunogenic  ratios 
could  do  this.   These  data  suggest  that  there  may  be  a  delayed  type  allergy  to 
this  type  of  hapten  that  is  independent  of  the  carrier. 

Proposed  Course  of  Project: 

To  study  the  induction  of  tolerance  in  vivo  and  to  ascertain  the  cellular 
events  that  may  be  important  in  the  induction  of  tolerance  to  antibody  and  com- 
pare it  with  events  producing  cellular  immunity. 

Publications: 


antigenic  and  tolerogenic  in  that  they  reduced  the  antibody  titer  to  very  low 
levels.   When  mice  were  immunized  with  DNP  KLH  and  tested  in  the  foot  pad  with 
DNP  Ficoll,  they  responded  with  the  permeability  changes  and  swelling,  thought 
associated  with  delayed  type  allergy. 

In  guinea  pigs,  an  average  of  1.4  DNP  groups  per  molecule  were  tolerogenic 
but  not  immunogenic.   Ficoll  molecules  with  more  DNP  per  molecule  were  both. 
In  guinea  pigs  immunized  with  DNP  KLH,  DNP  Ficoll  could  elicit  immediate  skin 
reactions.   It  also  elicitied  an  erythematous  indurated  reaction  that  began  at 
about  4-6,8  hours,  and  lasted  several  days,  and  which  was  characteristic  in 
appearance  of  a  reaction  of  the  classical  delayed  type.   On  histologic  examina- 
tion, there  were  many  mononuclear  leukocytes  about  the  blood  vessels  character- 
istic of  th2   delayed  response.   However,  there  were  also  some  basophils  which, 
if  prevalent,  are  considered  to  be  associated  with  serum  mediated  delayed  in 
time  reactions.   The  reactions  could  be  elicited  with  DNP  1.2  Ficoll  as  well  as 
with  molecules  with  a  higher  substitution  ratio.   None  of  these  reactions  appear- 
ed in  tolerized  animals. 


Hosier  D.  E. ,  Johnson,  G.  M. ,  Paul,  W.  E.,  and  McMaster,  P.  R.  B. :   Cellular 
requirements  for  the  primary  in  vitro  antibody  response  to  DNP-Ficoll. 
Definitive  report  May  issue  J .  Exp .  Med ■ 
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Mcl«laster,  P.  R.  B.  ,  Powers,  K.  G.,  Finerty,  J.  F.  ,  andSchif fman,  G.  :  Tolerance 

to  Type  III  pneumococcal  polysaccharide  in  monkey.   Immunol.  Commun.  2(4): 
361-370,  1973. 

Paul,  W.  E.,  Sharon,  R. ,  Davie,  J.  M. ,  and  McMaster,  P.  R.  B. :   Population 

changes  in  antigen-binding  and  antibody-secreting  cells  in  the  course  of  the 

immune  response.   Symposium  "Cellular  Selection  and  Regulation  in  the  Immune 
Response".   In  press. 
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Serial  No.  NIAID  -  116 

1.  Microbial  Immunity 

2.  Experimental  Pathology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Control  of  immunoglobulin  synthesis 

Previous  Serial  Number:   Same 


Principal  Investigator:   Richard  Asofsky 

Other  Investigators:   Martha  B.  Hylton,  LMI,  NIAID 

Vilho  J.  Pasanen,  LMI,  NIAID 

Rose  Lieberman,  Laboratory  of  Immunology,  NIAID 
Ira  Green,  Laboratory  of  Immunology,  NIAID 
Ethan  Shevach,  Laboratory  of  Immunology,  NIAID 
Elizabeth  B.  Muchinski* 
Michael  Potter* 
Alexander  R.  Lawton,  III** 
Max  D.  Cooper** 
Carl  Pierce*** 
.  Joseph  M.  Davie**** 


Cooperating  Units; 


*Laboratory  of  Cell  Biology,  NCI 

**University  of  Alabama  School  of  Medicine,  Birmingham, 

Alabama 

***Department  of  Pathology,  Harvard  Medical  School, 

Cambridge,  Massachusetts 

****Washington  University  School  of  Medicine,  St.  Louis, 

Missouri 


Man  Years: 


\ 


Total: 

Professional: 

Other: 


NIAID 
Lab.  Staff 

54/12 
14/12 
42/12 


Other  NIH  Personnel     Guest 
Assigned  to  Project    Workers 


TOTAL 

54/12 
14/12 
42/12 


Project  Description: 

Objectives: 

To  elucidate  the  genetic,  developmental,  and  environmental  factors  which 
govern  expression  of  immunoglobulin  and  antibody  synthesis  with  respect  to 
levels  in  serum  and  relative  rates  of  synthesis  of  various  immunoglobulin 
classes. 
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Methods  Employed: 

Immunoglobulin  levels  are  measured  by  radial  immunodiffusion  using  agarose 
plates  impregnated  with  monospecific  antisera.   Biosynthesis  is  studied  by  in- 
cubating tissues  in  vitro  in  a  medium  containing  C-14  labeled  amino  acids. 
Media  are  then  tested  for  newly  synthesized  proteins  by  means  of  radioimmuno- 
electrophoresis.   Antibodies  are  measured  by  passive  hemagglutination,  by  use 
of  specific  immunoadsorbents ,  by  a  complement-dependent  bactericidal  assay  and 
by  determining  class-specific  antibody-forming  cells  by  localized  hemolysis-in- 
agarose  gel.   Plasma  cell  tumors  are  induced  by  inoculation  intraperitoneally 
of  light  mineral  oil  or  pristane.   Immunoglobulin  synthesis  is  suppressed  in 
vivo  by  inoculation  from  birth  of  appropriate  antibodies  to  mouse  immunoglobu- 
lins.  Synthesis  of  anti-erythrocyte  antibodies  are  suppressed  in  vitro  by 
adding  appropriate  antisera  to  mouse  immunoglobulins  to  mouse  spleen  cells  in 
a  Mishell-Dutton  System.   Surface  immunoglobulin  staining  of  lymphocytes  is 
accomplished  by  mixing  fluorescein  conjugated  antibodies  to  iimnunoglobulins 
with  cells.   Germfree  mice  are  employed  when  a  controlled  environment  is 
required. 

Major  Findings: 

The  ontogeny  of  immunoglobulin  bearing  cells  was  indistinguishable  in  germ- 
free  and  conventionally  reared  inbred  BALB/c  and  random-bred  NIH  mice.   Animals 
were  born  with  about  1%  IgM  or  K  positive  cells;  this  number  increased  about 
400  fold  in  the  first  week  of  life,  then  a  further  3-fold  in  the  next  seven 
weeks.   IgA  and  y2   positive  cells  appeared  between  two  and  three  weeks  of  life 
regardless  of  germfree  status;  y2  positive  cells  were  found  invariably  in  germ- 
free  mice,  even  those  not  synthesizing  detectable  y2. 

Sera  from  unimmunized  germfree  NIH  mice  contain  only  TSyj  and  IgM;  counter- 
part BALB/c  mice  contain  traces  of  y2  and  IgA  (between  0.01  and  0.03  rag/ml) . 

Anti-IgM  suppresses  synthesis  of  all  classes  of  antibody  to  sheep  erythro- 
cytes by  unprimed  cells  in  vitro.   Anti-IgG  and  anti-IgA  produce  suppression 
of  those  specific  classes  only.   Anti-IgM  suppresses  synthesis  only  of  IgM  syn- 
thesis by  hyperimmune  cells.   The  same  degree  of  suppression  by  anti-IgG  and 
anti-IgA  is  produced  in  primed  as  in  unprimed  cells. 

AbL  mice,  bred  for  low  responses  to  erythrocyte  antigens,  have  very  low 
immunoglobulin  levels.   The  low  immunoglobulin  levels  are  a  heritable  trait 
which  can  be  dissociated  from  the  immune  response  to  sheep  erythrocytes  (used 
for  selection),  and  pneumococcal  polysaccharide  Type  III. 

Germfree  BALB/c  mice  inoculated  with  light  mineral  oil  or  pristane  develop 
very  few  plasma  cell  tumors  in  contrast  to  the  high  incidence  obtained  in  con- 
ventional animals.   Germfree  BALB/c  mice  monocontaminated  with  bacteria  or  fed 
tumors  in  much  higher  incidence  than  do  uncontaminated  mice,  but  in  lower  in- 
cidence and  much  later  than  conventional  mice.   All  of  the  tumors  produced  by 
monoinfected  germfree  mice  that  have  been  examined  thus  far  produced  IgA  myel- 
oma proteins.   Mineral  oil  or  pristane  granulomas  synthesized  small  amounts  of 
all  classes  of  immunoglobulins  within  one  week  of  inoculation.   There  is  an 
incidence  of  reticulum  cell  sarcoma  and  lymphoma  of  more  than  20%  in  all  aged 
(>  18  months)  germfree  BALB/c  mice. 
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Certain  of  the  lymphoid  tumors  are  transplantable.   They  have  been  typed 
as  "B  lymphocyte  type"  (IgM,  K+  6")  or  "T  lymphocyte  type"  (Ig-  9+) .   A  few 
tumors  carry  no  markers. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Mice  treated  from  birth  with  anti-immunoglobulin  can  show  complete  or 
selective  hypogammaglobulineamia.   The  conditions  produced  resemble  certain 
forms  of  human  hypogammaglobulineamia  and  may  serve  as  models,  as  may  AbL 
mice,  for  those  disorders.   Furthermore,  the  role  of  antibody  in  resistance 
to  infection  can  be  evaluated  best  in  such  animals. 


Nonspecific  stimulation  of  antibody  formation  by  syngeneic  lymphoid  tumors 
suggests  that  the  neoplastic  cells  may  elaborate  a  product  which  enhances  the 
differentiation  of  antibody-forming  cells. 

The  parallel  development  of  "B"  lymphocytes  in  germfree  and  conventional 
mice  suggests  that  this  step  in  differentiation  does  not  require  antigen. 


Proposed  Course  of  Project: 

Subpopulations  of  AbL  mice  with  respect  to  capacity  to  respond  to  a  variety 
of  antigens  will  be  defined  and  bred.   Mice  suppressed  with  anti-IgM  from  birth 
will  be  used  in  studies  of  resistance  to  viruses,  bacteria,  parasites  and  tumor 
cells.   Transplantable  Ijnnphoid  tumors  will  be  examined  further  for  capacity 
to  mediate  normal  physiologic  function. 

Honors  and  Awards:   None 

Publications: 

Herberman,  R.  B. ,  Nunn,  M.  C,  Lavrin,  B.  A.,  and  Asofsky,  R. :  Effect  of  anti- 
body to  6  antigen  on  cell  mediated  immunity  induced  in  syngeneic  mice  by  murine 
sarcoma  virus.   J.  Nat'l.  Cane.  Inst.   51:  1509-1512,  1973. 

Cantor,  H. ,  and  Asofsky,  R. :   Paradoxical  effect  of  antithymocyte  serum  on  the 
thymus.   Nature  243:  33-40,  1973 

Becker,  F.  F. ,  Klein,  K.  M. ,  Wolman,  S.  R. ,  Asofsky,  R. ,  and  Sill,  S.: 
Characterization  of  primary  hepatocellular  carcinomas  and  initial  transplant 
generations.   Cancer  Research  33:  3330-3338,  1973. 
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Serial  No.  NIAID  -  116-J 

1.  Microbial    Immunity 

2.  Experimental  Pathology 

3.  Bethesda,  Maryland 


PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   The  suppressive  effects  of  heterologous  antithymocyte  sera  on 
the  homograft  reactions  in  mice 

Previous  Serial  Number:   Same 

Principal  Investigator:   Herbert  C.  Morse,  III 

Other  Investigators:   Richard  Asofsky,  LMI,  NIAID 

William  H.  Burns* 


Cooperating  Units 
I"Ian  Years: 


*Laboratory  of  Oral  Pathology,  National  Dental  Institute 


NIAID     Other  NIH  Personnel 
Lab.  Staff  Assigned  to  Project 


Total: 

5/12 

Professional: 

4/12 

Other: 

1/12 

Guest 
Workers    TOTAL 

5/12 
4/12 
1/12 
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Project  Description: 

Objectives: 

To  investigate  the  action  of  antithjnnocyte  seria  in  suppressing  graft- 
versus-host  reactions  and  the  capacity  to  respond  to  viral  infections. 

Methods  Employed : 

Antithymocyte  sera  (ATS)  were  prepared  by  immunization  of  rabbits  with 
two  intravenous  injections  of  BALB/c  thymus  cells.   Graf t- versus -host  assays 
were  performed  by  inoculating  spleen  cells  from  mice  into  newborn  allogeneic 
recipients,  and  measuring  the  resulting  splenomegaly  nine  days  later.   The 
activity  of  cells  from  animals  receiving  a  single  dose  of  ATS  was  measured  with 
a  GVH  assay  2,  11,  and  30  days  after  treatment.   In  addition,  spleen  cells  from 
ATS-treated  mice  were  labelled  with  chromium-51  and  injected  into  lethally  irradi- 
ated syngeneic  recipients.   Twenty-four  hours  lazer  the  mice  were  sacrificed  and 
tissues  removed  for  counting  in  an  assay  for  the  effects  of  ATS  on  cells  migrat- 
ing to  various  organs — spleen,  peripheral  lymph  node  (PLN) ,  mesenteric  lymph 
node  (MLN) ,  liver,  lung  and  thymus. 
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One-month-old  Fn  mice  were  thymectomized.  One  month  later  they  were 
lethally  irradiated  and  inoculated  intravenously  with  syngeneic  bone  marrow 
cells.  Seven  and  fourteen  days  later  the  mice  were  injected  subcutaneously 
with  0.1  ml  ATS.  Eleven  days  after  the  last  dose  of  ATS,  they  were  infected 
intraperitoneally  with  varying  dilutions  of  high  titer  Hepes  simplex  virus. 
Mortality  in  these  "TX-BM-ATS"  mice  was  compared  to  that  in  infected  normal 
mice. 

Major  Findings: 

Pretreatment  of  donors  with  0.1  ml  of  ATS  produced  an  83%  reduction  in  the 
GVH  reactivity  of  spleen  cells  with  a  gradual  recovery  to  64%  of  normal  reac- 
tivity at  30  days  after  ATS  administration.   By  comparison,  ATS  effected  a  60% 
reduction  in  the  capacity  of  cells  from  donor  spleens  to  migrate  to  lymph  nodes, 
either  ILN  cr  MLN,  at  two  days  after  ATS  but  there  was  a  rapid  and  complete 
return  of  this  function  to  normal  levels  by  day  30.   Studies  of  the  migratory 
capacity  of  cells  from  spleens  of  "nude"  athymic  mice  in  combination  with 
evaluation  of  the  capacity  of  anti-theta  antiserum  to  release  counts  from  cells 
migrating  to  LN  demonstrated  that  the  predominant  cell  type  migrating  to  LN  was 
thymus-derived.   (See  also  NIAID  -  118  for  ATS  effects  on  direct  and  synergizing 
GVH  activity  in  LN.) 

ATS  given  to  TXBM  mice  was  shown  to  completely  suppress  T-cell  activities. 
Such  mice  had  no  reactivity  of  spleen  or  PLN  cells  to  the  mitogens  conconavalin 
A  or  PHA;  fluorescent  staining  for  splenic  T-cells  with  anti-theta  showed  almost 
complete  absence  of  theta-bearing  cells;  immunization  with  sheep  red  blood  cells 
revealed  a  marked  depression  of  both  direct  and  indirect  plaque-forming  cell 
responses.   B-cell  functions  appeared  normal  as  assessed  by  responsiveness  to 
B-cell  nitogen,  LPS,  and  number  of  surface  immunoglobulin  positive  cells  in 
spleen  by  fluorescence. 

Whereas  few  normal  mice  were  killed  by  undiluted  Hepes  simplex,  a  10"^ 
dilution  of  the  virus  pool  produced  greater  than  50%  mortality  in  TXBM  ATS 
mice.   Reconstitution  of  TXBM  ATS  mice  with  high  titered  antibody  to  Herpes 
significantly  reduced  mortality  when  given  within  36  hours  of  infection.   Recon- 
stitution of  TXBM  ATS  mice  with  spleen  cells  from  normal  immune  mice,  infected 
with  virus  ten  days  previously,  produced  significantly  greater  protection  from 
mortality  than  did  spleen  cells  from  normal  mice. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

ATS  is  a  potent  and  useful  immunosuppressant  which  has  found  important 
clinical  use.   These  studies  have  yielded  further  supportive  evidence  for  the 
role  of  more  than  one  T-cell  population  participating  in  the  GVH  response  and 
indicate  that  the  T-cell  population  which  migrates  to  LN  from  spleen  cannot  be 
equated  with  that  responsible  for  GVH  activity  in  spleen.   At  least  one  cell 
component  responsible  for  splenic  GVH  reactivity  is  much  more  ATS-sensil ive 
than  those  cells  which  have  LN-seeking  capacity. 

The  frequency  of  serious  viral  infections  following  immunosuppression  with 
ALS  and  other  agents  is  a  serious  clinical  problem.   An  understanding  of  the 
immune  mechanisms  responsible  for  resistance  to  such  infections  and  their 
perturbation  by  various  suppressive  agents  is  of  major  importance. 
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Proposed  Course  of  Project: 

The  capacity  to  differentially  effect  subpopulations  of  thymus-derived 
cells  with  ATS  treatment  will  be  examined  further  to  characterize  the  immune 
potentials  of  T-cells  from  distinct  lymphoid  compartments  in  terms  of  their 
GVH  potential — both  direct  and  synergizing — as  well  as  their  ability  to  parti- 
cipate in  humoral  responses. 

Honors  and  Awards:   None 

Publications: 

Morse,  H.  C,  III,  and  Asofsky,  R. :  In  vivo  effects  of  antithymocyte  serum  on 
the  homing  patterns  and  graft- versus- host  reactivity  of  murine  splenic  lympho- 
cytes.  Cell.  Immunol.   11:  19-29,  1974. 
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Serial  No.  NIAID  -  117 

1.  Microbial  Immunity 

2.  Microbiology  and  Immunology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   The  immunologic  response  of  conventional  and  germfree  mice  to 
blood- induced  infections  of  Plasmodium  berghei 

Previous  Serial  Number:   Same 

Principal  Investigator:   John  F.  Finerty* 

Other  Investigators:   George  B.  Mackaness** 

Cooperating  Units:   *Working  assignment:  Trudeau  Institute,  Saranac  Lake, 

New  York 
**Trudeau  Institute,  Saranac  Lake,  New  York 


Man  Years; 


Total: 

Professional: 

Other: 


NIAID 
Lab.  Staff 

12/12 
8/12 
4/12 


Other  NIH  Personnel   Guest 
Assigned  to  Project   Workers 


TOTAL 

12/12 
8/12 
4/12 


Project  Description: 

Objectives : 

Assigned  to  Trudeau  Institute  to  learn  techniques  for  the  assay  of  cell- 
mediated  immunity.   To  study  and  assay  cell-mediated  immunity  in  animals  immu- 
nized or  infected  with  the  malarial  parasite,  Plasmodium  berghei. 

Methods  Employed: 

P.  berghei  parasites  were  removed  from  their  erythrocytes  and  killed  by 
formaldehyde  treatment.   The  killed  parasites  were  injected  in  various  dosages 
intravenously  (IV)  or  subcutaneously  (SC)  into  the  left  hind  footpad  (LHFP), 
without  adjuvants.   Mice  were  tested  for  delayed  sensitivity  reactions  (DH) 
by  the  S.C.  injection  of  killed  parasites  into  the  right  hind  footpad  (RFP). 
RFP  swelling,  an  indication  of  DH,  was  measured  20  hours  after  antigen  injec- 
tion with  a  set  of  calipers.   Non- immunized  mice,  used  as  normal  controls, 
received  antigen  only,  in  the  RFP. 
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Major  Findings: 

All  mice  showed  evidence  of  DH  reactions  by  day  4,  after  inmunization, 
regardless  of  the  route  of  immunization.   Thereafter,  DH  reactions  declined 
in  intensity,  but  disappeared  completely  in  mice  immunized  IV.   However, 
animals  immunized  S.C.  always  demonstrated  significant  DH  reactions  through- 
out the  period  of  observation. 

In  addition,  mice  immunized  S.C.  with  malarial  antigen,  when  given  another 
S.C.  injection  of  antigen,  demonstrated  higher  DH  reactions  then  mice  given 
one  injection  and  maintained  higher  DH  than  the  latter.   But  mice  immunized 
I.V.  could  not  be  stimulated  to  produce  DH  once  they  became  DH  negative. 


I 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  principal  investigator  has  learned  techniques  used  for  assaying  cell- 
mediated  immunity  (CMI)  pioneered  at  the  Trudeau  Institute.   This  knowledge 
has  been  successfully  applied  to  the  study  of  CMI  reactions,  induced  by  the 
immunization  of  mice  with  malarial  antigens,  a  phenomenon  hitherto  unreported. 

Proposed  Course  of  Project: 


t    li— , 
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The  next  course  of  studies  will  involve  the  correlation  of  DH  reactions 
and  protection  against  a  challenge  dose  of  live  malarial  parasites. 

Honors  and  Awards : 

Invited  to  give  seminar  at  the  State  University  of  New  York,  May  13. 
Title:   "Cell-mediated  immunity  in  malaria  and  trypanosomiasis". 

Publications : 

Finer ty,  J.  F.  ,  Hyde,  C.  L. ,  and  Evans,  C.  B. :   Plasmodium  berghei  and  Epery- 
throzoon  coccoides:   Antibody  and  immunoglobulin  synthesis  in  germfree  and 
conventional  mice  simultaneously  infected.   Exp.  Parasitology  34:  76-84,  1973. 
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Serial  No.  NIAID  -  117-E 

1.  Microbial  Immunity 

2.  Microbiology  and  Immunology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   The  immunologic  response  of  animals  immunized  with  trypanosomes 

Previous  Serial  Number:   Same 

Principal  Investigator:   John  F.  Finerty* 

Other  Investigators:   George  B.  Mackaness** 

Cooperating  Units:   *Working  assignment:  Trudeau  Institute,  Saranac  Lake,  New 

York 
**Trudeau  Institute,  Saranac  Lake,  New  York 


Man  Years: 

NIAID 

Lab.  Staff 

Total: 

6/12 

Professional: 

4/12 

Other: 

2/12 

Other  NIH  Personnel     Guest 
Assigned  to  Project    Workers 


TOTAL 

6/12 

4/12 
2/12 

Project  Description: 

Objectives: 

Assigned  to  Trudeau  Institute  to  learn  techniques  for  assaying  cell- 
mediated  immunity  (CMI).   To  study  and  assay  cell-mediated  immunity  in  animals 
immunized  or  infected  with  Trypanasoma  rhodesiense. 

Methods  Employed; 

Mice  were  immunized  with  killed  T.  rhodesiense  by  the  injection  of  various 
dosages  of  antigen  intravenously  (IV)  or  subcutaneously  (SC)  in  the  axilla 
region  or  into  the  left  hind  footpad  (FP) .   At  various  time  intervals  after 
immunization,  mice  were  tested  for  delayed-hypersensitivity  reactions  (DH)  by 
the  injection  of  antigen  into  the  right  hind  footpad.   Footpad  swelling  was 
measured  20  hours  later  by  a  set  of  calipers.   (See  NIAID  117) 

Major  Findings: 

All  immunized  animals  demonstrated  maximum  DH  reactions  on  day  4.   How- 
ever, IV  immunized  animals  lost  a-1  evidence  of  DH  reactions  by  day  14  and  DH 
could  not  be  elicited  by  further  antigen  injections.   In  contrast,  SC  or  FP 
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immunized  animals  always  showed  constant  DH  reactions,  albeit  lower  than  those  , 
observed  at  day  4.  Furthermore,  higher  DH  reactions  were  elicited  in  these  % 
mice  upon  subsequent  injections  of  trypanosomal  antigen. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 

The  ability  to  assay  CMI  in  animals  immunized  against  T.  rhodesiense  is 
important  since  our  previous  studies  have  shown  CMI  to  be  necessary  for  pro- 
tection against  trypanosomiasis.   The  principal  investigator  has  learned  tech- 
niques for  assaying  CMI  developed  at  the  Trudeau  Institute.   The  data  demonstrate 
that  SC  immunization  induces  CMI  as  manifested  by  increased  DH  reactions  over 
mice  immunized  by  the  IV  route.   These  studies  will  be  essential  in  immunizing 
animals  in  a  prescribed  manner,  so  as  to  protect  them  against  trypanosomiasis. 

Proposed  Course  of  Project: 

The  next  course  of  studies  will  involve  the  immunization  of  animals  with 
trypanosomal  antigens  and  correlating  DH  reactions  with  protection  against 
challenge  with  live  organisms. 

Honors  and  Awards :   None 


Publications:   None 
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Serial  No.  NIAID  -  118 

1.  Microbial  Immunity 

2.  Experimental  Pathology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Synergy  in  the  graf t-versus-host  response 

Previous  Serial  Number:   Same 

Principal  Investigator:   Herbert  C.  Morse,  III 

Other  Investigators:   Richard  Asofsky,  LMI,  NIAID 

Richard  Gershon* 
Robert  E.  Tigelaar** 
Michael  Harrison*** 
Susan  S.  Cross**** 
Wallace  P.  Rowe,  LVD,  NIAID 

Cooperating  Units:   *Department  of  Pathology,  Yale  University,  New  Haven, 

Connecticut 

**Work.ing  assignment.  University  College,  London,  England 
***Laboratory  of  Immunology,  NIAID 
****Microbiologic  Association,  Inc.,  Bethesda,  Maryland 


} 


Man  Years : 


NIAID       Other  NIH  Personnel    Guest 
Lab.  Staff    Assigned  to  Project   Workers 


Total: 

7/12 

Professional: 

6/12 

Other: 

1/12 

TOTAL 

7/12 
6/12 
1/12 


Project  Description: 

Objectives: 

To  characterize  subpopulations  of  lymphoid  cells  which  interact  in  the 
graf t-versus-host  (GVH)  reaction  and  to  elucidate  the  nature  of  this  interaction. 

Methods  Employed: 

GVH  reactions  were  produced  by  inoculation  of  mouse  lymphoid  cells  from 
tissues  such  as  spleen,  Ijnnph  nodes  (LN) ,  thymus  and  peripheral  blood  (PEL)  or 
combinations  of  such  cells  into  newborn  allogeneic  or  F^^  recipients.   The  degree 
of  GVH  activity  was  assayed  by  two  methods.   The  Simonsen  spleen  weight  assay, 
in  which  the  reactivity  of  the  injected  lymphoid  cells  is  measured  by  the  degree 
of  spleen  enlargement  in  recipient  mice  was  routinely  used.   A  death  assay,  in 
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which  the  cumulative  mortality  of  sublethally  irradiated  recipients  of  lymphoid 
cells  was  expressed  as  a  function  both  of  time  and  of  inoculum  size  was  also 
employed.   Some  donor  mice  were  pretreated  subcutaneously  with  a  single  dose 
of  antithymocyte  serum  and  cells  from  various  lymphoid  tissues  were  examined 
thereafter  for  their  GVH  reactivity. 
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Major  Findings: 

Studies  utilizing  the  spleen  weight  assay  have  indicated  that  optimal 
expression  of  GVH  reactions  may  involve  interaction  among  two  or  more  cell 
types.   These  populations  have  the  following  characteristics:   (1)  One  popula- 
tion is  present  in  high  concentrations  in  tissues  which  are  rich  in  recircu- 
lating lymphocytes,  such  as  PBL  or  LN.   The  second  is  a  population  of  relatively 
more  sessile  cells  found  in  higher  concentrations  in  thymus  and  spleen.   (2) 
Both  populations  must  have  the  capacity  to  recognize  foreign  antigens  in  the 
recipient.   (3)  Both  of  the  cell  types  involved  are  "thymic-dependent. "   (4) 
The  cell  type  present  in  excess  in  thymocyte  suspensions  appears  to  act  as  a 
precursor  of  cells  which  inflect  immunologic  injury  while  the  cell  present  in 
excess  in  PBL  or  LN  amplifies  the  activity  of  the  precursor  cells. 

A  series  of  experiments  were  designed  to  determine  if  these  subpopulations 
of  thymus  derived  cells  represent  different  stages  in  the  maturation  of  a  single 
cell  line  or  if  they  indicate  the  development  of  two  independent  T-cell  lines. 
PLN  from  mice  treated  with  ATS  2,  11,  or  30  days  prior  to  assay  (see  NIAID 
116-J)  were  tested  for  their  direct  reactivity  in  the  spleen  weight  assay  as 
well  as  for  their  capacity  to  produce  synergy  when  combined  with  normal  thymo- 
cytes.  Direct  reactivity  of  PLN  cells  obtained  two  days  after  ATS  treatment 
was  markedly  suppressed  (>80%)  with  recovery  to  less  than  50%  of  normal  activity 
by  day  30.   By  comparison,  the  capacity  of  such  cells  to  produce  synergy  while 
being  greatly  depressed  at  day  2  was  supranormal  at  days  11  and  30.   The  possi- 
bility that  the  source  of  amplifier  cells,  appearing  without  the  prior  develop- 
ment of  precursor  cells,  could  be  migrating  cells  from  the  thymus  was  also 
investigated.   PLN  cells  from  adult  mice  thymectomized  2%  months  prior  to 
inoculation  with  ATS  showed  no  direct  reactivity  in  the  spleen  weight  assay 
but  still  had  the  capacity  to  produce  synergy.   Spleen  cells  11  days  after  ATS 
have  little  GVH  reactivity  and  would  also  be  an  unlikely  source  for  migrating 
GVH-active  cells  (see  NIAID  116-J).   These  studies  suggest  that  amplifier  and 
precursor  cell  activities  are  medicated  by  separately  differentiating  lines  of 
thymus-derived  cells. 

During  the  course  of  these  studies,  the  rearing  conditions  used  for  BALB/C 
and  F-j^  mice  employed  in  these  studies  were  altered.   Mice  were  taken  from  con- 
ventional rearing  conditions  to  specific  pathogen  free  conditions  by  Caesarian 
section  and  foster  nursing  on  germ  free  mothers.   Mice  from  the  specific  patho- 
gen free  colony  were  found  to  differ  markedlv  from  their  predecessor  conventional 
mice  in  terms  of  GVH  activity  of  their  lymphoid  tissues.   Thymus,  spleen  and 
PLN  cells  showed  greatly  increased  activity  on  a  cell/cell  basis.   The  potential 
contributions  of  environmental  factors  and  foster  nursing  on  these  changes  in 
reactivity  is  being  examined. 

Other  investigators  have  demonstrated  that  the  capacity  of  parental  bone 
marrow  cells  to  produce  GVH  mortality  in  reciprocal  Fj^  recipients  is  reduced 
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when  donor  cells  are  of  maternal  origin.   This  problem  was  re-evaluated  in 
studies  using  mixed  lymphocyte  reactions  and  spleen  weight  and  death  GVH  assays 
as  measures  of  parental  reactivity  to  cells  from  reciprocal  F-^   hybrids.   Cells 
from  either  hybrid  served  as  equally  potent  stimulators  for  both  parents  in 
the  mixed  lymphocyte  reaction.   Spleen  weight  GVH  studies  revealed  that  greater 
splenomegaly  was  obtained  if  (C57BL/6  X  BALB/C)F-,^'s  rather  than  (BALB/C  X 
C57BL/6)  Fj^'s  were  recipients  of  spleen  cells  from  either  parent.   By  compari- 
son, mortality  assays  demonstrated  that  there  was  a  striking  reduction  in 
mortality  when  donor  cells  were  from  the  maternal  strain  of  the  hybrid  cross; 
i.e.,  BALB/C  spleen  cells  produced  much  less  mortality  in  (BALB/C  X  C57BL/6) 
F^'s  than  did  C57BL/6  spleen  cells.   In  that  reciprocal  hybrid  mice  should  be 
genetically  identical,  it  is  apparent  that  important  factors  unrelated  to 
genetic  endowment  play  a  major  rol  in  GVH  reactions. 

Additional  studies  have  evaluated  the  effect  of  a  mouse  herpes  virus  in- 
fection on  the  GVH  reactivity  of  lymphoid  tissues  from  infected  mice.   Mouse 
thymic  agent  causes  subtotal  necrosis  of  the  mouse  thymus  when  administered 
within  72  hours  of  birth.   Necrosis  maximal  at  days  10-14  after  infection  and 
histologic  recovery  is  complete  by  week  6.   GVH  reactivity  of  thymus,  spleen 
and  PLN  from  mice  infected  seven  weeks  previously  was  compared  to  the  activity 
of  tissues  from  normal  mice.   Reactivity  curves  for  thymocytes  and  spleen  cells 
were  significantly  depressed  while  PLN  activity  was  essentially  normal.   The 
capacity  of  PLN  and  thymocytes  from  infected  mice  to  produce  synergy  when  com- 
bined with  cells  from  normal  tissues  is  being  investigated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  present  studies  have  shown  that  different  populations  of  thymus-derived 
lymphoid  cells  can  interact  synergistically  in  producing  GVH  reactions  quanti- 
tated  either  by  mortality  or  by  splenomegaly.   This  points  to  a  previously 
unrecognized  functional  heterogeneity  within  the  peripheral  pool  of  cells  in- 
volved in  cellular  immune  reactions  against  foreign  tissues.   Further  delinea- 
tion of  the  nature  of  this  interaction  and  the  characterization  of  the  cells 
involved  is  obviously  necessary  for  a  clearer  understanding  of  this  type  of 
immune  response.   In  addition  elucidation  of  the  non-genetic  factors  influenc- 
ing GVH  reactions  is  important  for  our  understanding  of  agents  modulating  the 
interaction  of  these  cell  populations.   Appropriate  adjustments  of  the  cell 
populations  involved  in  cell-mediated  immune  responses  against  tumor  antigens 
might  enhance  the  process  of  tumor  rejection  of  either  syngeneic  or  autochthonous 
tumors.   Similarly,  the  elimination  of  small  subpopulations  of  lymphocytes  neces- 
sary for  full  expression  of  normal  GVH  reactivity  may  have  significance  in 
dealing  with  the  problem  of  suppression  of  homograft  rejection,  and  the  the 
graf t-versus-host  reactions  which  complicate  bone  marrow  transplantation. 

Proposed  Course  of  Project: 

To  further  define  the  subpopulations  of  thymus-derived  cells  through 
differential  effects  of  ATS  treatment,  migration  (see  NIAID  -  116-J)  and  thy- 
mectomy on  their  physiologic  properties.   To  determine  the  effects  of  viral 
infections  on  the  interacting  populations. 
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Publications: 

Morse,  H.  C. ,  III,  Harrison,  M.  R. ,  and  Asofsky,  R. :   Graf t-versus-host  reactions 
in  reciprocal  hybrid  mice.  I.  Dissociation  of  T-cell  activities  in  the  mixed 
lymphocyte  reaction  and  two  graft-versus-host  assays.   J.  Exp.  Med.   139:  721- 
731,  1974. 
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Project  Title: 


Serial  No.  NIAID  -  118B 

1.  Microbial  Immunity 

2.  Experimental  Pathology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Functional  activities  of  subpopulations  of  thymus-derlved 
lymphocytes 


Previous  Serial  Number:   None 


Principal  Investigator:   Robert  E.  Tigelaar 

Other  Investigators:   Richard  Asofsky,  LMI,  NIAID 

H.  C.  Morse,  LMI,  NIAID 
Charles  B.  Evans,  LMI,  NIAID 
R.  M.  Gorczynski* 
Marc  Feidmann* 
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Cooperating  Units; 
Man  Years: 


Total: 

Professional; 

Other: 


*Tumor  Biology  Unit,  University  College,  London,  England 


NIAID 
Lab.  Staff 

18/12 

12/12 

6/12 


Other  NIH  Personnel      Guest 
Assigned  to  Project     Workers 


TOTAL 

18/12 

12/12 

6/12 


Project  Description: 

Objectives: 

To  characterize  subpopulations  of  thymus-derived  lymphocytes  involved 
in  cell-mediated  immune  reactions  and  to  elucidate  the  relationship (s)  of 
these  subpopulations  to  each  other. 

Methods  Employed: 

The  cell-mediated  immune  response  of  various  populations  of  mouse 
lymphoid  cells  after  either  in  vivo  or  in  vitro  exposure  to  specific  antigens 
is  characterized  by  the  development  of  activated  thymus-derived  (T)  l3nnpho- 
cytes  specifically  reactive  toward  those  antigens.   This  T  cell  activation 
can  be  measured  in  a  variety  of  assay  systems.   Two  such  assay  systems  employed 
have  been  the  capacity  of  such  activated  cells  to  (1)  specifically  lyse  homolo- 
gous antigen-bearing  cells  in  vitro  in  a  short  term  ^Icr-ralease  assay,  and 
(2)  to  inhibit  the  in  vitro  migration  of  normal  macrophages  in  the  presence 
of  specific  antigen.   Various  procedures  were  used  to  attempt  a  physical  separa- 
tion of  the  cells  responsible  for  both  initiating  and  effecting  these  reactions; 
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these  procedures  include  velocity  sedimentation,  equibrium  density  centrifuga- 
tion,  migration  in  irradiated  secondary  recipients,  and  overnight  in  vitro 
incubation.   The  sensitivites  of  these  functional  activities  to  in  vitro  expos- 
ure to  a  variety  of  agents  with  affinity  for  cell  membrane  components  (such  as 
anti-thymocyte  serum,  anti-theta,  anti-TL,  anti-Ly,  cortisone  acetate,  antigen- 
antibody  complexes)  have  also  been  used  to  further  characterize  the  populations 
of  cells  which  are  involved  in  these  reactions. 


Major  Findings: 

Recent  studies  have  detailed  the  phenomena  of  synergy  among  subpopulations 
of  parental  strain  T  cells  in  initiating  the  graf t-versus-host  (GVH)  reaction 
in  neonatal  F-^   recipients.   Mixtures  of  thjonocytes  and  small  numbers  of  peri- 
pheral lymph  node  (PLN)  cells  regularly  give  reactions  significantly  greater 
than  would  be  expected  by  summation  of  the  reactivities  of  the  components  of 
ttie  mixture  measured  separately.   (See  also  project  report  NIAID-118.) 
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An  apparently  similar  type  of  synergy  has  been  demonstrated  in  another 
cell-mediated  immune  response,  the  in  vitro  generation  of  lymphocytes  cytotoxic 
to  allogeneic  cells.   Various  number  of  thymocytes  or  PLN  cells  or  mixtures  of 
these  populations  were  sensitized  in  vitro  for  five  days  against  irradiated 
target  cells;  these  cells  were  then  tested  in  a  short  term  ^^Cr-release  assay 
for  their  capacity  to  lyse  radio- labelled  target  cells.   Mi:xtures  of  thymocytes 
and  very  small  numbers  of  PLN  cells  gave  rise  to  cytotoxic  activity  far  in  ex- 
cess of  that  calculated  by  summing  the  activities  generated  by  either  popula- 
tion sensitized  alone.   This  synergistic  cytotoxic  activity  was  not  seen  with 
mixtures  of  thymocytes  and  PLN  cells  when  either  population  was  exposed  either 
to  1500  R  or  to  anti-theta  serum  and  complement  prior  to  sensitization.   As  in 
the  synergistic  GVH  reactions,  both  thymocytes  and  PLN  cells  in  the  mixture 
had  to  have  the  capacity  to  recognize  foreign  antigens  on  the  sensitizing  cell; 
substitution  of  either  thymocytes  or  PLN  cells  in  the  mixture  with  similar  cells 
from  mice  syngeneic  to  the  irradiated  sensitizing  population  did  not  result  in 
the  generation  of  synergistic  levels  of  cytotoxic  activity.   These  results 
suggest  that  optimal  generation  of  cytotoxic  T  lymphocytes  may  involve  an  inter- 
action among  subpopulations  of  alloantigen-reactive  T  cells. 

An  investigation  of  some  of  the  physical  and  biological  properties  of  the 
cells  involved  in  mediating  either  cytotoxicity  or  inhibition  of  macrophage 
migration  (MIF  activity)  has  indicated  that  these  reactions  are  indeed  mediated 
by  T  cells  and  that  there  are  at  least  three  experimental  situations  in  which 
these  activities  are  to  a  large  degree  dissociable,  suggesting  that  different 
cells  mediate  these  particular  reactions.   C57BL  mice  were  immunized  to  a 
DBA/2  tumor  allograft  approximately  14  days  before  testing  for  cytotoxicity 
and  MIF  activities.   The  tissue  distribution  of  these  activities  were  distinc- 
tive; both  activities  were  present  in  spleens  from  introperitoneally  (i.p.) 
immunized  mice,  but  only  MIF  activities  was  found  in  the  PLN  cells  or  such 
mice.   Adoptive  transfer  of  immune  spleens  cells  into  irradiated  syngeneic 
recipients  revealed  that  while  a  substantial  amount  of  MIF  activity  could 
subsequently  be  found  in  PLN  cells,  cytotoxic  activity  was  found  predominantly 
in  the  spleens  of  these  adoptive  hosts.   Velocity  sedimentation  analysis  (which 
separates  cells  principally  on  the  basis  of  size)  of  immune  cells  immediately 
prior  to  testing  indicated  that  while  the  majority  of  cytotoxic  activity  was 
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associated  with  small  and  medium  lymphocytes,  the  vast  majority  of  MIF  activity 
was  associated  with  medium  and  large  lymphocytes.   In  an  attempt  to  separate 
potentially  different  precursor  cells  for  these  particular  effector  functions, 
normal  spleen  cells  were  fractionated  by  velocity  sedimentation  immediately 
prior  to  in  vitro  allosensitization;  five  days  later  these  fractions  were  each 
assayed  for  both  cytotoxic  and  MIF  activities.   These  experiments  showed  that 
the  fraction  which  generated  the  most  cytotoxic  activity  was  not  the  fraction 
which  generated  the  most  MIF  activity. 

Additional  studies  were  carried  out  to  investigate  the  effect  of  overnight 
in  vitro  incubation  (in  the  absence  of  deliberately  added  antigen)  on  the  cyto- 
toxic and  MIF  activities  of  different  sized  populations  of  allogeneic-immune 
spleen  cells.   The  activities  of  whole  spleen  cell  suspensions  were  markedly 
enhanced  in  both  assays  after  such  incubation,  and  this  increased  activity  was 
mediated  by  T  lymphocytes. 
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Velocity  sedimentation  of  immune  cells  prior  to  overnight  incubation  and 
subsequent  testing  revealed  that  small  T  lymphocytes,  which  were  inactive  in 
the  MIF  assay  prior  to  incubation,  had  acquired  significant  MIF  activity  after 
incubation.   This  acquired  activity,  derived  from  the  small  lymphocyte  pool, 
was  shown  by  a  second  velocity  sedimentation  analysis  to  reside  in  both  large 
and  small  lymphocytes.   Similar  results  were  obtained  when  small  lymphocytes 
were  cultured  for  18  hours  in  the  presence  of  colchicine;  i.e.,  small  initially 
MIF  inactive  cells,  still  gave  rise  to  small  MIF  active  cells.   Thus  the  en- 
hancement of  MIF  activity  apparently  did  not  depend  on  obligatory  cell  division 
or  change  in  cell  size  during  that  incubation.   The  effect  of  in  vitro  incuba- 
tion on  MIF  activity  could  be  partially  mimicked  by  short-term  exposure  to 
dilute  concentracions  of  trypsin;  small  MIF  inactive  cells  now  exhibited  signi- 
ficant MIF  activity  after  10  minutes'  exposure.   Finally,  the  effect  of  in  vitro 
incubation   could  be  blocked  if  the  incubation  was  carried  out  in  the  presence 
of  serum  from  the  spleen  cell  donors  but  not  if  the  incubation  was  performed 
in  the  presence  of  either  hyperimmune  serum  or  additional  alloantigen.   These 
results  suggest  that  blocking  factors,  perhaps  in  the  form  of  antigen-antibody 
complexes,  exist  on  the  surface  of  some  small  T  lymphocytes  taken  from  these 
animals,  and  that  these  factors  can  suppress  T  cell  activity  in  both  cytotoxic- 
ity and  MIF  assays. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  present  studies  have  provided  additional  evidence  for  a  cellular  basis 
for  the  observed  functional  heterogeneity  within  the  pool  of  thymus-derived 
lymphocytes,  and  suggest  that  this  pool  is  composed  of  separable  subpopulations, 
each  with  discrete  and  limited  functional  capabilities.   The  observation  that 
appropriate  mixtures  of  T  cells  in  vitro  can  generate  superadditive  levels  of 
cytotoxicity  against  cells  bearing  foreign  histocompatibility  antigens  demon- 
strates that  the  phenomenon  of  interactions  among  subpopulations  of  T  cells  is 
not  restricted  to  GVH  reactions  but  rather  may  be  a  general  mechanism  by  which 
a  host  mounts  a  more  effective  cell-mediated  immune  response  to  foreign  anti- 
gens.  More  effective  therapeutic  manipulation  of  these  cell-mediated  immune 
responses  should  follow  the  acquisition  of  a  clearer  understanding  of  the 
physical  and  biological  properties  of  these  various  T  cell  subpopulations,  how 
they  interact,  the  specific  immunogenic  determinants  which  can  trigger  them. 
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and  their  relative  susceptibilities  to  the  modulating  influence  of  other  cell 
types  and/or  the  products  of  these  other  cells. 

Proposed  Course  of  Project; 

To  further  investigate  the  relationship  of  various  cell  surface  consti- 
tuents of  thymus-derived  cells  to  the  physiologic  properties  of  these  cells. 
Attempts  will  be  made  to  identify  with  various  isologous  and  heterologous  anti- 
sera  functional  subpopulations  of  T  cells,  on  the  basis  of  unique  antigenic 
determinants  which  may  be  expressed  on  the  membranes  of  these  cells  and  which 
may  be  accessible  to  bending  by  appropriate  antibodies.   In  vivo  and  in  vitro 
methods  for  generating  effector  T  cells  in  the  absence  of  antibody  forming 
cells  and  their  precursors  (B  cells)  will  be  used  to  assess  the  role  of  these 
latter  cells  in  modulating  the  differentiation  and/or  subsequent  functional 
activities  of  thymus-derived  cells.   Furthermore,  studies  are  being  initiated 
to  investigate  the  relative  contributions  of  B  cells  and  T  cells  to  the  acquired 
resistance  of  mice  to  infection  with  Plasmodium  beighei. 

Honors  and  Awards:   None 

Publications: 
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Tigelaar,  R.  E.,  and  Feldmann,  M. :   Synergy  among  thymocytes  and  peripheral 
lymph  node  cells  in  the  in  vitro  generation  of  cytotoxic  lymphocytes  to  allo- 
antigens.   Transplant.  Proc.   5:  1711-1715,  1973. 

Gorczynski,  R. ,  Kontianen,  S.,  Mitchison,  N.  A.,  and  Tigelaar,  R.  E. :   Antigen-   I 
antibody  complexes  as  blocking  factors  on  the  T-lymphocyte  surface.   In  Cellular 
Selection  and  Regulation  in  the  Immune  Response,  G.  Edelman,  ed..  Raven  Press. 
In  press. 

Tigelaar,  R.  E. ,  and  Gorczynski,  R.  M. :   Separable  populations  of  activated 
thymus-derived  lymphocytes  identified  in  two  assays  for  cell-mediated  immunity 
to  murine  tumor  allografts.   J .  Exp .  Med .   In  press. 
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Serial  No.  NIAID  -  119A 

1.  Microbial  Immunity 

2.  Microbiology  and  Immunology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Quantitative  and  qualitative  studies  on  the  antibody  response 
to  pneumococcal  polysaccharides  at  the  cellular  level 

Previous  Serial  Number:   Same 

Principal  Investigator:   Phillip  J.  Baker 

Other  Investigators:   Jeffrey  M.  Jones,  Philip  W.  Stashak,  and  Diana  F. 
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Cooperating  Units:   *Laboratory  of  Microbiology,  NIAID 

**Department  of  Microbiology,  Montana  State  University, 

Bozeman,  Montana 

***Laboratory  of  Oral  Medicine,  NIDR 

****Veterinary  Resources  Branch,  DRS 


Man  Years: 


Lab.  Staff 

Total: 

54/12 

Professional: 

24/12 

Other: 

30/12 

Other  NIH  Personnel     Guest 
Assigned  to  Project    Workers 


TOTAL 

54/12 
24/12 
30/12 


Project  Description: 

Project  Subtitle  I:   Role  of  thymic-derived  suppressor  cells  (suppressor  T  cells) 

in  the  development  of  low-dose  paralysis 

Objectives : 

To  determine  whether  suppressor  T  cells  play  an  active  role  in  the  develop- 
ment of  low-dose  paralysis  to  Type  III  pneumococcal  polysaccharide  (SSS-III). 

Methods  Employed : 

An  adaptation  of  the  technique  of  localized  hemolysis-in-gel  was  used  to 
oho'.  that  prior  treatment  (priming)  with  weakly  immunogenic  doses  of  SSS-III, 
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reduces  the  capacity  of  mice  to  respond  to  subsequent  immunization  with  an 
optimally  immunogenic  dose  of  this  antigen.   Priming  or  immunization  with  anti- 
gens, other  than  SSS-III,  was  employed  to  assess  the  specificity  of  the  unre- 
sponsiveness observed.    Athymic  nude,  as  well  as  thymus-bearing  mice  treated 
with  T  cell-depleting  agents,  E.G.,  antilymphocyte  serum  (ALS)  or  lactic  dehydro- 
genase virus  (LDV),  were  used  to  affirm  that  functionally  active  T  cells  are 
required  in  order  to  induce  this  form  of  unresponsiveness. 

Major  Findings: 

Prior  treatment  with  a  low  dose  of  SSS-III  greatly  reduces  the  capacity 
of  mice  to  respond  to  an  optimally  immunogenic  dose  of  this  SSS-III,  given  a 
few  days  or  weeks  later;  such  unresponsiveness  (low-dose  paralysis)  persists 
for  several  weeks  or  months  after  priming.   Low-dose  paralysis  was  found  to  be 
antigen-specific,  dependent  upon  the  presence  of  T  cells,  and  could  be  abrogated 
by  T  cell-depleting  agents  (ALS  and  LDV),  given  at  the  time  of  subsequent  immuni- 
zation.  These  findings  indicate  that  suppressor  T  cells,  which  exert  their 
inhibitory  effects  mainly  by  limiting  the  extent  to  which  bone  marrow-derived 
precursors  of  antibody-forming  cells  (B  cells)  proliferate  after  immunization, 
are  activated  by  low  doses  of  antigen;  the  presence  of  such  cells  at  the  time 
of  subsequent  immunization  imposes  additional  restraints  upon  the  capacity  of 
B  cells  to  proliferate,  thereby  causing  less  than  normal  numbers  of  PFC  to  be 
produced.   Aside  from  this  inhibitory  effect,  priming  with  low  doses  of  SSS-III 
also  interferes  with  the  ability  of  ALS  to  increase  the  magnitude  of  the  anti- 
body response  to  SSS-III.   Since  amplifier  T  cells  are  required  in  order  to 
elicit  such  enhancement,  this  suggests  that  supressor  T  cells  may  also  inhibit 
the  functional  activities  of  other  types  of  T  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  above  findings  illustrate  that  suppressor  T  cells  play  an  active  and 
decisive  role  in  the  development  of  an  unresponsive  state  to  some  antigens. 
Since  such  cells  appear  to  inhibit  the  functional  activities  of  both  B  cells 
and  T  cells,  they  may  provide  a  general  homeostatic  control  mechanism  for  limit- 
ing the  clone  size  of  all  types  of  lymphoid  cells,  and  thus  serve  to  prevent 
the  development  of  lymphoproliferative  disorders  and  autoitmnune  disease;  the 
implications  of  such  a  control  mechanism  have  been  discussed  in  publications 
cited  below.   The  antigen-specific  nature  of  low-dose  paralysis,  in  contrast 
to  the  non-specific  immunosuppression  obtained  with  various  cytotoxic  drugs, 
suggests  that  a  thorough  understanding  of  this  form  of  unresponsiveness  might 
enable  one  to  prevent  the  occurrence  of  certain  undesirable  immune  reactions, 
e.g.,  autoimmune  disease,  graft  rejection,  without  compromising  natural  host 
defense  mechanisms  against  infectious  agents. 

Proposed  Course  of  Project: 

These  investigations  will  be  extended  to  assess  the  role  played  by  suppres- 
sor T-cells  in  the  development  of  an  unresponsive  state  to  other  antigens  of 
biomedical  significance.   Further  information  is  being  sought  concerning  the 
manner  in  which  suppressor  T  cells  are  activated  during  the  course  of  an  immune 
response. 
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Honors  and  Awards:   None 

Publications: 

Baker,  P.  J.,  Reed,  N.  D.,  Stashak,  P.  W. ,  Amsbaugh,  D.  F.,  and  Prescott,  B. : 
Regulation  of  the  antibody  response  to  Type  III  pneumococcal  polysaccharide. 
I.   The  nature  of  regulatory  cells.   J.  Exp.  Med.   137:  1431-14A1,  1973. 

Baker,  P.  J.,  Stashak,  P.  W. ,  Amsbaugh,  D.  F. ,  and  Prescott,  B. :   Regulation 
of  the  antibody  response  to  Type  III  pneumococcal  polysaccharide.  II.  Mode  of 
action  of  thymic-derived  suppressor  cells.   J.  Immunol.   112:  404-409,  1974. 


Barthold,  D.R.,  Prescott,  B. ,  Stashak,  P.  W. ,  Amsbaugh,  D.  F.,  and  Baker,  P.  J.: 
Regulation  of  the  antibody  response  to  Type  III  pneumococcal  polysaccharide. 
III.  Role  of  regulatory  T  cells  in  the  development  of  an  IgG  and  IgA  antibody 
response.   J.  Immunol.   112:  1042-1050,  1974. 

Baker,  P.  J.,  Stashak,  P.  W.,  Amsbaugh,  D.  F. ,  and  Prescott,  B. :   Regulation 
of  the  antibody  response  to  Type  III  pneumococcal  polysaccharide.  IV.  Role  of 
suppressor  T  cells  in  the  development  of  low-dose  paralysis.   J.  Immunol.   In 
press. 

Baker,  P.  J.,  Prescott,  B. ,  Stashak,  P.  W. ,  and  Amsbaugh,  D.  F. :   Regulation 
of  the  antibody  response  to  Type  III  pneumococcal  polysaccharide  by  thymic- 
derived  cell.   Proceedings  of  the  ICN-UCLA  Conference  on  Molecular  Biology,  the 
Immune  System,  Academic  Press,  New  York.   In  press. 

Baker,  P.  J.,  Burns,  W.  H. ,  Prescott,  B. ,  Stashak,  P.  W. ,  and  Amsbaugh,  D.  F. : 
Role  of  suppressor  T  cells  in  the  development  of  low-dose  paralysis  to  Type  III 
pneumococcal  polysaccharide.   Brooke  Lodge  Conference  on  Immunological  Tolerance: 
Mechanisms  and  Potential  Therapeutic  Applications,  Academic  Press,  New  York. 
In  press. 


Project  Subtitle  II: 


Mode  of  action  of  thymic-derived  amplifier  cells  (ampli- 
fier T  cells) 


Objectives: 

To  obtain  information  on  the  distribution  and  anatomical  location  of  ampli- 
fier T  cells,  and  to  determine  how  such  cells  act  to  increase  the  magnitude  of 
the  antibody  response  to  SSS-III. 


Methods  Employed: 

Mice,  given  an  intravenous  injection  of  Bordetella  pertussis  vaccine,  were 
examined  with  respect  to  their  ability  to  give  a  normal  PFC  response  to  SSS-III. 
The  ability  to  ALS  to  increase  the  magnitude  of  the  PFC  response,  as  well  as  the 
ability  of  low  doses  of  SSS-III  to  induce  an  unresponsiveness  state,  was  also 
assessed  in  such  mice.   PFC  producing  antibody  specific  for  SSS-III  were  detected 
by  the  procedure  described  in  the  preceding  section  of  this  report. 
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Major  Findings: 


Treatment  with  B.  pertussis  produced  a  marked  lymphocytosis  which  appears 
to  be  due  mainly  to  the  entry  into  the  circulation  of  mature  Ijonphocytes  from 
tissue  pools,  rather  than  the  increased  production  of  new  cells.   This  in  itself 
was  not  found  to  alter  the  capacity  of  mice  to  give  a  normal  antibody  response 
to  SSS-III,  or  the  ability  of  SSS-III  to  induce  low-dose  paralysis.   However, 
under  such  circumstances,  treatment  with  ALS  at  the  time  of  immunization  with 
SSS-III  results  in  the  expression  of  a  normal,  rather  than  an  enhanced,  anti- 
body response.   These  findings  suggest  that  significant  numbers  of  amplifier 
T  cells,  which  are  required  in  order  to  obtain  ALS-induced  enhancement,  escape 
inactivation  by  ALS,  primarily  because  they  reside  in  tissue  sites  having  limited 
access  to  ALS.   During  the  course  of  our  studies  on  the  genetic  control  of  the 
antibody  response  to  SSS-III  (see  last  year's  annual  report),  groups  of  mice, 
derived  from  various  crosses  and  backcrosses,  were  compared  with  respect  to  the 
magnitude  of  the  PFC  and  serum  antibody  produced  following  immunization  with  an 
optimally  immunogenic  dose  of  this  antigen.   Several  groups  of  mice  produced 
similar  numbers  of  PFC;  however,  the  serum  antibody  titer  obtained  were  signi- 
ficantly higher  or  lower  than  expected  in  viev/  cf  the  numbers  of  PFC  obtained, 
and  these  mice  differed  greatly  in  the  degree  of  enhancement  noted  after  treat- 
ment with  ALS.   This  suggests  that  amplifier  T  cells  may  influence  to  a  great 
degree  the  rate  of  antibody  synthesis  by  B  cells. 


Significant  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Aside  from  increasing  our  understanding  concerning  the  development  of  a 
normal  antibody  response  and  its  control,  any  information  concerning  how  both 
amplifier  and  suppressor  T  cells  act  to  regulate  the  magnitude  of  the  immune 
response  will  enable  one  to  better  define  the  basis  for  several  immunological 
disorders  and  diseases  of  man. 

Proposed  Course  of  Project: 


' 
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An  extremely  sensitive  radio-immuno  assay  has  been  developed  which  will  be 
used  to  obtain  more  precise  information  concerning  the  influence  of  amplifier 
T  cells  and  other  factors  in  the  rate  of  antibody  synthesis  by  B  cells. 

Honors  and  Awards:   None 

Publications: 

Amsbaugh,  D.  F. ,  Hansen,  C.  T. ,  Prescott,  B. ,  Stashak,  P.  W. ,  Asofsky,  R. ,  and 
Baker,  P.  J.:   Genetic  control  of  the  antibody  response  to  Type  III  pneumococcal 
polysaccharide.   II.   Relationship  between  IgM  immunoglobulin  levels  and  the 
ability  to  give  an  IgM  antibody  response.   J .  Exp .  Med .   In  prfjss. 
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Laboratory  of  Parasitic  Diseases 
National  Institute  of  Allergy  and  Infectious  Diseases 
SUMMARY  -  July  1,  1973  thru  June  30,  1974 

INTRODUCTION 

Professional  personnel  additions  involved  the  return  of  Dr.  Cheever 
from  Egypt,  and  the  arrival  of  Associates  Marino,  Raizman,  and  a  Guest 
Worker  from  Sweden,  Dr.  Bjorvatn.   Departing  professionals  included 
Associate  Luban  and  Staff  Fellow  Nash,  as  well  as  Dr.  Pacheco,  who  died. 

A  major  administrative  action  occurred  in  the  past  year  in  the 
Malaria  Section  with  phasing  out  of  the  Human  Volunteer  Unit  at  the 
Federal  Penitentiary  in  Atlanta  and  the  move  of  the  Unit  on  Primate  Malaria 
from  Chamblee,  Georgia  to  Bethesda.   This  reorganization  of  NIH  malaria 
research  resulted  in  inevitable  losses  of  experienced  key  personnel, 
including  Dr.  Collins,  but  it  also  affords  a  unique  opportunity  to  reorient 
and  redirect  our  approaches  in  malaria  research.   NIAID  administrative 
support  for  continued  NIH  efforts  against  this  important  health  problem 
are  appreciated. 

RESEARCH  ACCOMPLISHMENTS 
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PARASITE  BIOCHEMISTRY     In  parasites:   The  methods  for  isolation  of 

AND  MECHANISMS  OF         microfilariae  of  D.  immitis  appear  equally  suitable 

ENERGY  METABOLISM         for  isolating  human  microfilariae  to  be  used  in 

metabolic  studies  (Harlow) .   Dual  wave  length 
spectrophotometry  was  utilized  for  assaying  tapeworm  cytochromes  in  Prof. 
Emster's  laboratory  in  Stockholm;  we  look  forward  to  further  utilization 
of  this  methodology  in  LPD  next  year  (Weinbach  and  Harlow) .   Use  of  the 
same  instrumentation  showed  that  lyophilized  trophozoites  of  E^.  histolytica 
contained  no  cytochromes,  thus  corroborating  previous  evidence  that  all 
iron  in  this  parasite  is  non-heme  iron  (Weinbach  and  Diamond) .   Continuing 
studies  on  _E.  histolytica  transhydrogenase  disclosed  similarities  to  the 
analogous  mammalian  mitochondrial  enzyme,  although  mitochondria  are  absent 
in  the  amoeba.   Electron  microscopic  analysis  indicates  that  the  enzyme  is 
associated  with  a  membranous  subcellular  particle  which  remains  to  be 
identified  (Harlow,  Weinbach  and  Diamond).   Further  work  on  the  metabolism 
of  E^.  histolytica  has  shown  that  adenylate  kinase,  an  enzyme  generally 
found  associated  with  mitochondrial  membranes,  is  present  on  the  surface  of 
the  amoeba,  and  probably  plays  an  important  role  in  transport  of  metabolites 
across  the  cell  membrane.   Other  metabolic  peculiarities  which  distinguish 
E^.  histolytica  from  mammalian  cells  include  the  absence  of  a  typical  glyco- 
gen synthetase,  and  an  apparent  aggregation  of  particulate  glycogen  by 
protein  bridges,  which  was  readily  dispersed  by  pronase  or  trypsin  (Takeuchi, 
Weinbach  and  Diamond) . 
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In  mammalian  cells  and  platelets:   New  insights  into  the  role  of 
non-heme  iron  in  electron  transport  and  oxidative  phosphorylation  were 
obtained  in  collaboration  with  Prof.  L.  Ernster  and  Dr.  B.D.  Nelson, 
University  of  Stockholm.   Using  submitochondrial  particles  derived  from 
beef  heart,  the  effect  of  iron  chelators  on  specific  sites  of  the  respira- 
tory chain  was  determined  by  dual  wave  length  spectrophotometry.   It  was 
found  that  these  chelators  inhibit  electron  transport  as  a  result  of  their 
ability  to  uncouple  oxidative  phosphorylation.   Chelate  formation  in  mito- 
chondria was  demonstrated  for  the  first  time.   Sufficient  evidence  now 
has  been  adduced  to  assign  a  definite  role  of  non-heme  iron  proteins  in 
oxidative  phosphorylation  (Weinbach) . 

Continued  studies  on  the  metabolism  of  human  platelets  also  indicated 
the  role  of  non-heme  iron  in  energy  metabolism.   It  was  found  that  the 
basal  respiration  of  human  platelets  was  stimulated  by  iron-chelators  and 
by  bathophenanthroline,  the  specific  reagent  for  iron  analysis.   The  effects 
are  strikingly  similar  to  release  of  respiratory  control  by  uncouplers  of 
oxidative  phosphorylation  in  isolated  mitochondria.   These  findings  indicate 
that  non-heme  iron  components  participate  in  respiratory  chain  phosphory- 
lations in  human  platelets,  presumably  at  the  mitochondrial  locus  (Weinbach 
and  Muenzer) . 


AMEBIASIS        Amebal  virus  story  complicated:   The  biologic  significance 
of  the  viruses  associated  with  E^.  histolytica  is  still  not 
clear.   All  strains  of  axenically  cultivated  amebae  examined  (10)  contain 
the  polyhedral  virus  and  the  filamentous  virus  was  found  in  two.   Even  a 
freshly  isolated  strain  that  was  not  yet  axenized  had  virus.   The  finding 
that  all  of  43  clones  derived  by  microisolation  were  found  infected  with 
virus,  plus  associated  data,  point  to  a  lysogenic  relationship  between  the 
polyhedral  virus  and  ameba.   Variations  in  host  range  between  different 
viral  isolates  and  strains  of  amebae  suggest  the  existence  of  multiple  virus 
types  (Diamond  and  Mat tern) .   No  consistent  relationship  has  yet  been  found 
between  the  amebal  virus  and  ability  of  axenically  cultivated  amebae  to 
produce  liver  abscess  in  hamsters.   Furthermore,  multiple  clones  of  one 
strain  of  amebae  vary  in  production  of  liver  abscess.   A  historically 
different  type  of  liver  abscess  was  found  to  occur  in  the  clawed  jird  as 
compared  to  hamster  after  inoculation  with  E^.  histolytica  (Marino,  Phillips 
and  Diamond) . 

Amebic  disease  in  India:  All  of  twenty  isolates  of  E^.  histolytica 
in  India  showed  characteristics  of  "pathogenic"  amebae  and  none  were 
Laredo-type.   EM  study  of  liver  biopsies  from  patients  with  amebic  hepatitis 
suggest  that  abnormalities  of  mitochondria  and  endoplasmic  reticulum  may 
be  present  in  the  absence  of  pathology  by  light  microscopy.   Further 
evaluation  of  the  Histolyticin  skin  test  has  been  carried  out;   false 
positive  responses  that  occur  with  increasing  frequency  to  doses  >1  yg  and 
the  failure  of  uniformly  positive  reactions  in  all  cases  of  invasive 
amebiasis  limit  the  usefulness  of  this  test.  (Diamond  and  PL  480  Indian 
collaborators) . 

AMERICAN  TRYPANOSOMIASIS     More  on  tissue  tropism  of  T.  cruzi:   Further 

study  of  liver  tropism  in  a  blood-passaged 
strain  of  T^.  cruzi  indicated  that  tissue  tropism  was  not  altered  by 


inoculum  size  and  muscle  tropism  of  a  vector-derived  strain  appeared  to  be 
a  stable  characteristic.   Several  additional  blood-passaged  strains  are 
under  test  for  possible  reversal  of  tropism  after  vector-passage.   Lactic 
dehydrogenase  isoenzyme  patterns  in  plasma  of  infected  mice  are  being 
employed  as  indicators  of  site  of  tissue  injury  and  correlate  well  thus  far 
with  histologic  changes  in  heart,  skeletal  muscle  and  liver  (Mercado) . 
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Chagas'  heart  disease  in  Nicaragua:  Final  evaluation  was  completed 
of  patients  identified  with  known  or  suspected  heart  disease  in  the  1970 
Nicaragua  survey.   Heart  disease  of  all  types  was  not  unusually  prevalent 
in  the  small  sample  studied  (6%  definite  plus  19%  suspected) ,  but  high 
prevalence  of  complete  RBBB  (8  %)  and  associated  clinical  as  well  as 
serologic  features  indicate  presence  of  Chagas'  heart  disease  in  significant 
numbers.   Although  this  study  was  limited  in  scope  and  not  definitive,  it 
demonstrated  feasibility  of  a  simple  survey  technique  to  determine  community 
prevalence  of  Chagas'  heart  disease  (Neva  and  Parajon) . 


Cell-parasite  interactions:   In  study  mechanism  of  action  of  an 
anti-trypanocidal  drug,  Bayer  2506,  the  doubling  time  of  the  intracellular 
phase  of  the  parasite  was  greatly  prolonged  at  a  sustained  level  of  10"  M 
as  observed  in  the  controlled-environment  culture  system.   At  somewhat 
greater  concentrations,  10"^  to  10~^M  penetration  of  vertebrate  cells  by 
trypomastigotes  was  inhibited.   Since  the  respective  roles  of  parasite  vs 
host  cell  during  penetration  or  entry  are  so  crucial,  attempts  are  continu- 
ing to  define  what  happens  to  host  cell  membrane  in  the  process  by  ultra- 
structural  analysis  (Dvorak) . 


■ 


I 


TOXOPLASMA  AND  RELATED    Immunity  to  toxo  in  cats:  Partial  to  complete 
ORGANISMS  immunity  to  an  oocyst-producing  infection  by 

T^.  gondii  appears  to  develop  at  the  intestinal 
level  if  the  initial  infection  has  also  produced  oocysts.   Almost  all 
failures  to  challenge  occurred  in  cats  initially  infected  with  strains  of 
toxo  that  do  not  produce  oocysts  (Sheffield  and  Melton) .   Possible  useful- 
ness of  a  new  antigen-antibody  labeling  test  using  anti-human  IgG  globulin 
coupled  to  horseradish  peroxidase  is  being  tested.   The  principle  is 
similar  to  that  of  the  indirect  fluorescent  antibody  test  but  can  be  per- 
formed with  light  microscopy.   Preliminary  trials  of  the  method  to  detect 
IgG  antibody  to  toxoplasma,  E^.  histolytica,  and  T^.  cruzi  are  encouraging 
(Lunde) . 

Circulating  antigen  in  Toxo  infection:  Immunologic  detection  of 
circulating  antigen  was  sought  and  found  in  the  serum  of  mice  with  fatal 
toxo  infections.   While  the  circulating  antigen  must  be  derivea  from 
organisms  it  can  not  be  accounted  for  by  the  concentration  of  organisms 
during  active  parasitemia.   Detection  of  antigen  in  infected  rabbits 
required  concentration  from  the  serum  by  affinity  chromatography.   Extremely 
sensitive  tests  for  circulating  antigen  might  have  clinical  usefulness. 
(Raizman  and  Neva) . 
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Other  coccidian-type  organisms:  The  exact  nature  of  the  toxoplasma- 
like  organism  (WC  1170)  discovered  by  Wallace  in  Hawaii  remains  a  mystery. 
Infected  mice  initially  showed  sarcocysts  in  muscle  but  subsequent  passage 
from  mice  to  cats  and  back  to  mice  now  show  only  toxoplasma-like  cysts  in 
the  muscles.   Failure  to  find  sarcocysts  on  later  passage  raises  the 
question  that  initial  material  contained  two  organisms  and  the  sarcocyst 
has  been  lost  leaving  an  unidentified  toxoplasma-like  organism,  WC  1170, 
which  shows  serologic  cross-reactions  with  toxoplasma  (Wallace) .   This 
organism  exhibits  only  limited  multiplication  in  cell-cultures  (Neva)  and 
has  a  unique  type  of  storage-material  by  EM  examination  in  the  sporozoites 
which  distinguishes  it  from  1^.    gondii.   (Sheffield)  .   Untrastructure  of 
Sarcoystis  fusiformis,  a  parasite  of  dogs,  is  being  studied  in  collaboration 
with  Dr.  Fayer  at  Beltsville  (Sheffield). 


PATHOLOGY  AND  IMMUNOLOGY 
OF  MALARIA 


Merozoite-red  cell  interaction:   Analysis  of 
factors  governing  red  cell  invasion  by  merozoites 
continues.   Several  observations  suggest  that 
a  receptor  site  on  the  red  cell  wall  is  needed  for  invasion  and  that  this 
can  be  modified  to  block  invasion,  but  the  chemical  nature  of  the  receptor 
surface  remains  to  be  determined.   Under  certain  conditions  the  presence 
of  immune  serum  blocks  invasion  not  at  the  receptor  site  of  the  red  cell 
but  by  agglutination  of  merozoites  (Miller) .   Analysis  of  events  that  have 
been  photographed  in  the  Dvorak  Chamber  and  reviewed  by  a  special  video- 
tape enlargement  process  has  proved  helpful  (Dvorak-Miller) . 

Humoral  immunity:  Technical  improvements  in  the  schizont  agglutina- 
tion test  (SAT)  with  P^.  knowlesi  has  permitted  confirmation  and  extension 
of  Brown's  observations  on  antigenic  variation  of  this  parasite  in  the 
rhesus  monkey  (Powers  and  Miller) .   In  seeking  other  methods  of  preparation 
of  antigen  for  the  IHA  test  in  malaria  the  soluble  antigen  released  from 
a  single  freeze-thaw  cycle  of  schizonts  seems  superior  to  other  procedures 
(Lunde  and  Powers) .   Immunization  of  monkeys  with  heat  stable  serum  soluble 
antigen  of  ]P.  knowlesi  gave  inconsistent  and  only  partial  protection. 
(Collins  and  Contacos) . 

Cell-mediated  immunity:  Blast  transformation  of  Ijonphocytes  by  small 
amounts  of  P^.  falciparum  antigen  was  demonstrated  in  patients  variable 
periods  of  time  after  infection.   Larger  amounts  of  antigen  appear  to  have 
a  mitogenic  effect  in  controls.   Preliminary  studies  suggest  that  a 
lymphokine  chemotactic  for  monocytes  is  released  from  human  Ijnnphocytes 
after  exposure  to  malarial  antigen.   The  role  of  the  spleen  with  respect 
to  monocyte  chemotaxis  and  in  relation  to  immunity  in  general  is  under 
investigation.   (Wyler,  Gallin  and  Miller). 


CHEMOTHERAPY 
OF  MALARIA 


In  man:   Final  results  are  now  in  on  the  efficacy  of 


combined  Clindamycin-quinine  treatment  against  3  drug- 
resistant  strains  of  P^.  falciparum  in  13  human  volun- 
teers.  No  recrudescences  were  observed  after  a  3  day  course  of  therapy 
with  450  mgm  of  Clindamycin  4  times  a  day  and  650  mgm  quinine  3  times  a 
day.   (Miller,  Wyler,  Collins  and  Neva).   The  possibilities  of  a  collabora- 


tive  field  trial  with  this  combined  therapy  for  drug  resistant  malaria  are 
being  investigated  (Powers  and  Miller) . 

In  experimental  animals :  As  an  extension  of  previous  work  on  the 
effect  of  the  antibiotic,  Clindamycin,  on  malaria  parasites,  ultrastructural 
changes  in  P.  knowlesi  parasites  exposed  to  this  drug  were  studied.   The 
primary  effect  of  the  drug  was  on  ribosomes  of  the  organism  whereas  the 
effects  of  chloroquine,  a  4-amlnoquinoline,  are  exerted  on  parasite  mito- 
chondria (Powers  and  Aikawa) .   In  attempts  to  anticipate  potential  problems 
of  malaria  parasites  developing  resistance  to  the  antibiotics  likely  to 
be  used  in  treatment,  the  likelihood  of  cross-resistance  to  minocycline 
and  Clindamycin  was  tested.   Although  only  a  6-fold  increase  in  resistance 
to  minocycline  could  be  induced  in  ]P.  berghei  over  86  successive  mlnocy- 
cllne-treated  passages,  this  strain  was  still  sensitive  to  Clindamycin  and 
other  antimalarials  (Jacobs) . 
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PARASITE  DEVELOPMENT    Do  chemosterllants  affect  transmission  capacity? 
IN  THE  VECTOR  Since  genetic  control  techniques  are  being  examined 

increasingly  for  vector  control  it  was  Important 
to  determine  whether  exposure  of  female  mosquitoes  to  chemosterllants 
might  enhance  or  inhibit  vectorial  capacity  for  the  malaria  parasite. 
Chemosterllants  and  x-lrradiatlon  are  the  two  principle  methods  of  treating 
Insects  to  be  released  for  genetic  manipulation.   Although  parasite  develop- 
ment was  not  eliminated  in  sterilized  female  mosquitoes,  it  was  signifi- 
cantly inhibited  in  A.  alblmanus.   Thus,  Instead  of  exclusive  release  of 
sterilized  males,  sterilized  females  could  also  be  released  without  increas- 
ing hazards  of  malaria  transmission  (Collins,  Omar  and  Gwadz) . 

Infecclvity  of  gametocytes:   The  variable  and  unpredictable  results 
obtained  in  trying  to  infect  mosquitoes  that  feed  upon  an  Infected  patient 
or  animal  are  long  known  to  malarlologists  but  not  understood.   The  number 
of  gametocytes  in  the  blood  is  not  the  sole  determining  factor.   The 
Chamblee  experience  suggests  that  splenectomy  often  results  in  enhanced 
mosquito  Infections  (Collins) .   The  capacity  to  carry  out  studies  on  genetic 
control  over  resistance  to  mosquito  Infection  was  severely  crippled  by 
absence  of  a  reproducible  and  reliable  system  of  successful  mosquito 
Infections  (Gwadz).   Therefore,  attention  was  directed  to  the  basic  issue 
of  developing  a  standard  and  reproducible  system  for  infecting  mosquitoes. 
This  is  being  studied  by  use  of  an  in  vitro  membrane  feeding  technique 
which  should  permit  assessment  of  many  of  the  factors  that  govern  infectivity 
of  gametocytes  (Gwadz  and  Collins) . 
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SCHISTOSOMIASIS        Pathophysiology:   Specimens  from  GU  surgery  for 

complications  of  schistosomiasis  in  Egypt  provided 
materials  for  study  of  radiologically  detectable 
calcification  in  relation  to  egg  concentration  in  the  tissues.   Calcified 
tissues  contained  0.5  to  1.0  million  eggs  per  gram  and  as  few  as  100,000 
eggs  per  cm  may  show  up  on  a  clinical  X-ray.  (Cheever  and  NAMRU  collabora- 
tors) .   Bladder  cancer  was  found  in  additional  capuchin  monkeys  infected 
with  S^.  hematobium  and  ureterial  tumors  In  several  gibbons  infected  with 
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the  same  parasite;  thus,  the  potential  for  experimental  models  of  this 
association  has  been  expanded  (Cheever  and  Kuntz  of  Southwest  Foundation) . 
The  site  of  origin  of  the  circulating  antigen  found  in  serum  in  heavy 
experimental  infections  has  now  been  determined.   Using  the  indirect 
fluorescent  antibody  technique  antibody  vs  the  circulating  antigen  was 
localized  to  the  lining  cells  of  the  gut  of  the  schistosome.   These  cells 
of  the  schistosome  gut  also  are  positive  for  the  PASstain  as  would  be 
expected  from  the  polysaccharide  nature  of  the  antigen.   Attempts  to 
develop  a  radio  immunoassay  for  detection  of  circulating  antigen  have  not 
been  successful  (Nash) . 

Genetic  work  on  snail  vectors:   Another  pigmentation  mutant  was 
found  in  an  albino  stock  of  B^.  straminea.   This  black  mantle  mutant  will 
be  useful  as  an  additional  marker  in  genetic  analysis  of  this  vector  snail. 
Additional  abnormal  growths  of  certain  tissues  of  B^.  glabrata  have  been 
observed  under  conditions  compatible  with  either  genetic  control  or  an 
infectious  agent  as  the  etiology.   A  further  complication  has  been  found 
in  study  of  genetic  control  of  vector  susceptibility;  namely,  genetic 
variation  in  the  infectivity  of  different  strains  of  parasite  (Richards). 
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FILARIASIS  AND  Filarial  immunology  and  serology:  Additional 

ANGIOSTRONGYLIASIS       results  in  the  tests  on  IgE  levels  in  cases  of 

occult  filariasis  (i.e.,  infection,  but  no 
circulating  microfilariae)  confirm  earlier  preliminary  results  of  a  return 
in  IgE  levels  toward  normal  after  diethylcarbamazine  treatment  (Pacheco 
and  Kaplan  of  LCI) .   Since  a  reasonably  effective  technique  had  been 
developed  to  separate  microfilariae  (mf)  from  blood  with  minimum  contami- 
nation from  other  blood  elements  (Pacheco  and  Stanley) ,  mf  antigens  have 
been  prepared  to  study  some  aspects  of  occult  filariasis.   Human  mf  (W. 
bancrofti)  were  harvested  from  two  Clinical  Center  patients  from  Tonga 
and  metabolic  as  well  as  somatic  mf  antigens  are  being  studied  for  their 
capacity  to  release  histamine  from  basophils  sensitized  with  IgE  antibody 
from  cases  of  occult  filariasis  (Neva,  Kaplan  and  Pacheco).   The  unfortunate 
death  of  Dr.  Pacheco  will  seriously  affect  filariasis  research  in  LPD. 

Studies  on  angiostrongylus:  Search  for  evidence  of  the  recently 
described  species  of  Angiostrongylus  costaricensis  in  142  wild  cotton  rats 
of  South  Texas  were  negative  (Wallace)  as  were  a  smaller  number  from 
Florida  (Neva) .   This  parasite  is  a  close  relative  of  A.  cantonensis,  the 
rat  lung-worm  which  causes  human  eosinophilic  meningitis  in  the  Pacific 
and  Far  East.   A.  costaricensis  was  found  in  Costa  Rica  and  Panama  and  in 
the  former  country  is  associated  with  a  serious  inflammatory  bowel  disease. 
Attempts  have  been  initiated  to  develop  a  serologic  test  that  would  be 
useful  in  diagnosis  of  Angiostrongylus  infections,  but  lack  of  specificity 
is  still  a  problem  (Wallace) . 


NEMATODE  GENETICS 
AND  NEUROBIOLOGY 


Genetics:   By  withholding  essential  nutrients,  such 


as  hemin  and  steroid,  from  the  growth  medium  of  C^. 
elegans,  mutants  that  exhibited  growth  stoppage  at 
certain  molt  stages  were  sought.   By  this  technique  hemin  controlled 


mutants  were  produced  and  isolated  (Pertel) . 

Neurobiology:   The  fluorescent  technique  for  histochemical  mapping 
of  the  nervous  system  has  been  used  with  the  free-living  nematode,  C. 
elegans.  Norepinephrine  containing  neurons  have  been  observed  in  the 
circumenteric  nerve  ring,  and  both  moradrenergic  and  serotoninergic  areas 
were  seen  in  the  area  of  genital  papillae  of  males.   It  also  appears  that 
a  morepinephrine-depleted  mutant  has  been  found,  but  this  needs  to  be 
confirmed  by  other  techniques.  (Luban  and  Pertel). 
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DENGUE  AND  OTHER  Geography  of  dengue:   An  outbreak  of  dengue 

ARBOVIRUS  INFECTIONS       occurred  in  the  Tonga  Islands  of  the  Pacific 

in  March  1974.   Although  it  is  the  same 
immunologic  type  (2)  as  that  occurring  earlier  in  Niue,  it  has  not  yet  been 
featured  in  association  with  hemorrhagic  or  shock  syndrome.   Re-study  of 
World  War  II  sera  from  Panama  indicated  that  dengue  Type  3  was  active  in 
the  New  World  at  that  time.   Strains  of  dengue  virus  isolated  directly 
from  patient's  serum  into  mosquitoes  are  being  collected  from  different 
geographic  areas  for  comparative  study  (Rosen) . 

Mosquito  susceptibility  to  dengue:   Tests  of  11  different  geographic 
strains  of  A.  albopictus  to  Type  2  dengue  virus  showed  some  variation  in 
infection  rates  but  not  to  the  degree  expected  for  genetically  controlled 
resistance.   Development  of  virus  in  salivary  glands  of  A.  albopictus  has 
been  followed  by  the  direct  fluorescent  technique.   Infection  begins  in 
the  lateral  lobes  of  the  gland  with  progressive  involvement  with  time. 
(Gubler) . 

Other  arbovirus  infections:   Several  thousand  human  sera  from  South 
Pacific  and  Southeast  Asian  islands  were  surveyed  for  antibodies  to  Group 
A  arboviruses.   Antibodies  to  Ross  River  virus,  the  presumed  cause  of 
epidemic  polyarthritis,  were  common  in  New  Guinea  and  in  several  of  the 
Solomon  Islands.   Distribution  of  5  Group  A  agents  in  the  South  Pacific 
will  be  mapped  by  this  study.   The  22  viruses  which  comprise  the  Phleboto- 
mus  fever  group  are  being  subjected  to  a  complete  serologic  study  in 
collaboration  with  workers  in  Panama  and  at  Yale  for  definitive  classifica- 
tion.  The  susceptibility  of  different  geographic  strains  of  A.  albopictus 
mosquitoes  to  Chikungunya  virus  by  feeding  showed  considerable  variation. 
Despite  Intensive  inbreeding  of  offspring  from  infected  or  non-infected 
females  it  was  not  possible  to  select  out  purely  resistant  or  susceptible 
lines  (Tesh) . 
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Previous  Serial  Number:   Same 

Principal  Investigator:   Franklin  A.  Neva 

Other  Investigator:   Allen  W.  Cheever  (Assistant  Chief) 
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45/12 
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Project  Description: 

This  project  furnishes  administrative  and  supervisory  services  to 
research  projects  in  the  Laboratory  as  follows: 

Research  plans  are  discussed  with  various  investigators  and  overall 
research  activities  are  coordinated.   Travel  of  personnel  is  arranged  and 
secretarial  services  are  provided.   Assistance  is  given  in  the  preparation, 
editing,  and  reviewing  of  manuscripts  and  reports.   Requisitioning  and 
supervision  of  equipment  and  supplies  and  maintenance  of  the  library  is 
provided.   Consultation  and  the  liaison  activities  are  maintained  with 
individuals,  academic  organizations,  and  other  branches  of  the  Federal 
Government  in  matters  pertaining  to  the  activities  of  the  Laboratory. 
Arrangements  are  made  for  supervision  of  research  workers  who  are  in  a 
training  status.   Centralized  facilities  and  supervision  are  provided  for 
care  of  experimental  animals  used  by  investigators. 


<(^ 


-  J 


Serial  No.   NIAID  120 

Liaison  is  maintained  with  the  Section  on  Clinical  Parasitology  in 
LCI  for  diagnostic  services  or  special  investigations  on  Clinical  Center 
patients.   Dr.  Theodore  E.  Nash  had  major  responsibility  for  clinical  duties 
in  the  Section. 

Final  stages  in  reorganization  of  the  Section  on  Malaria  are  in 
progress.   The  Unit  on  Human  Malaria  at  the  Federal  Penitentiary  in  Atlanta 
was  terminated  and  the  primate  and  insectary  facilities  at  Chamblee,  Georgia 
will  be  moved  to  Bethesda  in  June  1973.   Unfortunately,  the  move  from 
Georgia  to  Bethesda  will  result  in  the  loss  of  many  experienced  personnel, 
including  Dr.  Collins,  who  have  elected  to  stay  in  Atlanta  with  the  CDC. 
The  planning  of  the  new  insectary  at  Bethesda  and  recruitment  of  new 
personnel  for  the  Malaria  Section  has  required  considerable  time  and  effort, 
plus  the  much  appreciated  cooperation  of  the  Scientific  Director  and  his 
staff. 

Other  personnel  changes  included  the  entry  on  duty  of  Research 
Associates  Joseph  Marino,  M. D.  and  Richard  Raizman,  M.D.  in  July  1973  and 
a  Guest  Worker  from  Sweden,  Bjarne  Borvatn,  M.D.,  who  will  be  with  us  until 
June  1974.   Dr.  Cheever  returned  to  NIH  after  a  two-year  tour  at  NAMRU-3 
in  Cairo,  Egypt.   Dr.  Omar,  Ph.D.,  who  had  been  with  us  for  3  years  in 
Chamblee  as  a  Visiting  Fellow  and  Associate  left  in  1973  and  Research 
Associate  Norman  Luban,  M.D.  will  depart  in  June  1974,  as  will  Staff  Fellow, 
Theodore  Nash,  M.D.   For  many  of  us  the  greatest  loss  of  all  to  LPD  in 
the  past  year  was  the  death  of  our  colleague.  Dr.  Guillermo  Pacheco,  after 
a  long  illness. 

The  following  foreign  travel  for  research  purposes  by  professional 
staff  of  LPD  was  carried  out  during  FY  1974: 

Dr.  F.A.  Neva  to  Nicaragua,  Central  America. 
Dr.  E.  C.  Weinbach  to  Sweden. 
Dr.  C.  S.  Richards  to  Brazil,  South  America. 
Drs.  Leon  Rosen  and  Robert  Tesh  of  the  Pacific  Research  Unit 
to  the  Far  East  and  Pacific  regions. 

Dr.  Harley  Sheffield  took  over  as  the  coordinator  for  guest  speakers 
and  seminars.   For  the  past  two  years  LPD  Staff  has  presented  a  series  of 
lectures  on  parasitology,  with  particular  emphasis  on  selected  human  para- 
sites.This  series  was  initially  organized  by  the  late  Dr.  Pacheco  and  is 
primarily  intended  as  a  background  introduction  for  Associates,  Staff 
Fellows,  and  Guest  Workers. 

Honors  and  Awards 

F.  A.  Neva 


Reappointment  as  Lecturer  in  Tropical  Public  Health  at  Harvard 
University  School  of  Public  Health,  Boston,  Massachusetts. 
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Representative  of  American  Society  of  Tropical  Medicine  and  Hygiene 
on  the  National  Council  for  International  Health,  and  membership  on  several 
sub-committees  of  this  Council.   Resigned  as  representative  April  1974. 

Member  of  Medical  Advisory  Board  of  Gorgas  Memorial  Institute  of 
Tropical  and  Preventive  Medicine,  Inc. 

Member  of  Ad  Hoc  Parasitology  Group  for  Walter  Reed  Institute  of 
Research  for  review  of  contract  applications. 

Invited  participant  in  Macy  Foundation  Conference  on  Teaching  of 
Tropical  Medicine  and  Parasitology  in  Medical  Schools  in  June  1974. 

Invited  Lectures,  Conferences,  or  Talks  Given: 

1.  Lecture  on  Chagas'  disease  at  Harvard  School  of  Public  Health, 
October  1973. 

2.  Series  of  lectures  on  medical  parasitology  at  University  of 
Kentucky,  Lexington  in  fall  1973. 

3.  Lecture  and/or  Grand  Rounds  at  University  of  Pennsylvania 
(fall  1973);  Medical  College  of  New  Jersey  and  United  Hospitals 
of  Neward  (fall  1973);  University  of  Pittsburgh  (Feb.  1974), 
and  Mt.  Sinai  Hospital  of  New  York  (April  1974). 

4.  Lecture  at  Howard  University,  Washington,  D.C.  (May  1974). 

Publications: 

Neva,  F.A.   Protozoal  Diseases  Endemic  in  the  United  States. 
Am.  J.  Trop.  Med.  &  Hyg.  (In  Press)   (Macy  Foundation  Symposium,  New 
Orleans,  June  1973). 

Collins,  W.E.,  Neva,  F.A. ,  Chaves-Carballo,  E. ,  Stanfill,  P.S.,  and 
Richardson,  B.B.:   Studies  on  human  malaria  in  Aotus  monkeys.   II. 
Establishment  of  a  strain  of  Plasmodium  falciparum  from  Panama.  J.  Parasit. 
59:   609-612,  1973. 

Clew,  R.H. ,  Miller,  L.H.,  Collins,  W.E.,  Howard,  W.A. ,  Wyler,  D.J., 
Chaves-Carballo,  E. ,  and  Neva,  F.A. :   Response  to  treatment  in  man  of 
multi-drug  resistant  Plasmodium  falciparum  from  Panama.   Am.  J.  Trop.  Med. 
&  Hyg.  23:  1-7,  1974. 

Publications  from  former  LPD  Staff  Members: 

Weinstein,  P.P.  and  Highman,  B. :   Infection  of  the  jird,  Meriones 
unguiculatus,  with  the  filarial  worm,  Dipetalonema  viteae:  central  nervous 
system  invasion  and  pathology.   J.  Parasit.  6£:  138-149,  1974. 

Oya,  H.  and  Weinstein,  P.P.:  Demonstration  of  cobamide  coenzyme  in 
Ascaris  suum.  Comp.  Biochem.  Phy.   (In  Press). 
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PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:   The  biology  and  control  of  the  snail  intermediate  hosts  of 
schistosomes 

Previous  Serial  Number:   Same 

Principal  Investigator:   Charles  S.  Richards 

Other  Investigators:   Dr.  Margaret  Kasschau,  Guest  Worker. 

Cooperating  Units:   Dr.  Edward  H.  Michelson,  Department  of  Tropical  Public 

Health,  School  of  Public  Health,  Harvard  University. 

Man  Years : 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned  to 
Project 


Guest 

Worker 


Total 


Total 

24/12 

5/12 

29/12 

Professional 

12/12 

5/12 

17/12 

Other 

12/12 

12/12 

Project  Description: 

Objectives :   To  study  molluscan  genetics  with  particular  attention  to 
applications  to  control  measures.   To  study  prospective  agents  for  biological 
control  of  intermediate  hosts  of  the  schistosomes.   To  study  the  biology  of 
the  snails  with  the  aim  of  improving  the  efficiency  of  control  measures. 
To  study  the  contributions  and  complications  of  molluscan  diseases  and 
molluscan  genetics  to  bio-medical  research.   To  study  the  causes  of  tumors 
in  mollusks . 

Methods  Employed:   Selection  and  crossing  experiments  are  conducted 
to  find  additional  genetic  markers,  to  characterize  linkage  groups,  to 
increase  knowledge  of  mechanisms  of  molluscan  genetics,  and  to  investigate 
further  the  genetic  aspects  of  molluscan  susceptibility  to  infection  and  to 
molluscicides . 
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Parasites  of  mollusks  are  studied  to  determine:   their  identity, 
molluscan  host  rarge,  mode  of  transmission,  localization  and  pathology  of 
infection,  and  interrelations  -with  schistosome  infections.   Electron 
microscopy  is  employed  in  studies  on  protozoa  and  bacteria. 

Genetic  studies,  fresh  dissections,  and  stained  serial  sections  are 
employed  to  determine  the  causes  and  pathology  of  tumors  in  mollusks. 

Major  Findings:   Established  genetic  stocks  of  B.  glabrata,  differing 
in  susceptibility  for  infection  with  ^.  mansoni ,  were  employed  in  studying 
the  genetics  of  infectivity  variation  in  different  strains  of  ^.  mansoni . 
Results  of  a  cross  between  a  strain  of  S.   mans  oni  from  Puerto  Rico  with 
one  from  St.  Lucia  indicated  that  infectivity  is  sex-associated  and  that  the 
female  schistosome  is  XY  (heterogametic) ,  the  male  XX.   The  more  infective 
Puerto  Rican  strain  is  essentially  homogenic  for  infectivity,  while  the 
St.  Lucia  strain  is  heterogenic.   Selection  experiments  are  in  progress  to 
segregate  from  the  St.  Lucia  strain  two  genetic  sub-strains  differing  in 
infectivity. 

A  new  pigmentation  mutant  was  observed  in  an  albino  stock  of  B. 
straminea .   This  mutant  lacks  black  pigment  in  eyes  and  body,  but  forms  black 
mantle  spots.   Crosses  demonstrated  that  this  pigment  type  is  a  fourth  allele 
of  the  single  gene  determining  the  other  pigment  types;  spotted  mantle  being 
dominant  over  albino,  but  recessive  to  blackeye  and  wild  type  pigmentation. 

Ultrastructural  studies  on  three  new  species  of  flagellates  of  the  genus 
Cryptobia,  parasitizing  the  spermatheca  of  planorbid  snails,  revealed 
mitochondria,  kinetoplasts ,  flagella,  and  microtubules  similar  to  the 
trypanosomes,  including  a  structure  resembling  the  cytopharynx  described  in 
some  trypanosomes. 

Studies  on  abnormal  growths  in  B.  glabrata  were  continued.   Cellular 
aggregates  occur  in  the  hemocele  anterior  to  the  digestive  gland  in  high 
frequency  in  one  clonal  stock  of  B.  glabrata .   In  another  clonal  stock  the 
posterior  lobes  of  the  digestive  gland  appear  to  be  abnormal.   Frequencies 
of  these  two  pathological  conditions  suggest  either  genetics  or  an 
infectious  agent  as  the  causal  factor. 

Hemoglobin  deficiency  is  an  inherited  character  in  some  stocks  of 
B.  glabrata .   Most  such  snails  die  as  juveniles.   Sections  of  two  snails 
that  survived  to  maturity  reveal  bacterial  lesions  in  the  kidney.   These 
appear  to  be  the  result  not  the  cause  of  hemoglobin  deficiency.   Sections 
of  two  B.  glabrata  that  became  spontaneously  detached  from  their  shells 
reveal  extensive  bacterial  invasion.   Fecal  impactions  are  not  infrequently 
observed  in  the  intestine  of  B^  glabrata .   This  pathological  condition 
usually  leads  to  resorption  of  digestive  gland  and  ovatestis,  edema,  and 
death. 
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Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

Establishing  stocks  of  B.  glabrata ,  of  various  combinations  of 
juvenile  and  adult  susceptibility  to  strains  of  ^.  mansoni  differing  in 
infectivity,  provides  material  for  bio-chemical,  biological  and  cytogenetic 
intraspecific  analyses  of  the  basic  mechanisms  of  susceptibility. 

Need  for  evaluation  of  the  role  of  genetics  in  snail  control 
continues.   Refractory  B.  glabrata  may  prove  useful  in  biological  control 
of  schistosomiasis  by  dilution  or  replacement  of  populations  of  susceptible 
snails  in  endemic  areas.   Progress  in  understanding  causes  of  susceptibility 
or  insusceptibility  of  B.  glabrata  to  infection  with  ^.  mansoni  accelerates 
the  prospect  of  safe  field  testing  of  refractory  snail  stocks  for  control. 
Development  of  a  refractory  stock  of  B.  glabrata  incompatible  with  the 
endemic  snail  population  in  a  problem  area  may  avoid  dilution  of  the 
introduced  insusceptibility  by  interbreeding. 

Establishing  markers  for  some  of  the  various  linkage  groups  in  B. 
glabrata  increases  our  capacity  to  analyze  invisible  and  complex  genetic 
characters  such  as  host-parasite  relations. 

The  monogenetic  three  allele  pigment  character  in  B.  straminea 
provides  a  genetic  marker  enabling  studies  of  the  genetics  of  susceptibility 
in  that  snail  species  for  comparison  with  B.  glabrata . 

Information  (including  histopathology)  on  a  variety  of  tumors  observed 
in  B.  glabrata.  many  of  which  are  genetic,  should  help  in  analyses  of  tumors 
of  mollusks  collected  in  the  field. 

Microsporida,  amebae,  and  bacteria  cause  extensive  damage  in  some 
snail  hosts.   These  and  other  snail  diseases  need  to  be  examined  for 
potential  human  infection,  and  prospective  use  as  agents  in  biological 
control  of  snails.   It  is  essential  to  be  aware  of  the  occurrence  of  these 
infections  and  their  relations  with  the  snails  and  other  parasites  to  plan, 
conduct,  and  interpret  experimental  research  on  snails  with  validity. 

Results  increasingly  implicate  genetics  in  host-parasite  relations 
involving  various  parasites. 


B, 


Proposed  Course  of  the  Project:  Genetic  studies  on  B.  glabrata  and 
straminea  will  be  continued  to:   (a)   seek  additional  genetic  markers: 


(b)  expand  our  knowledge  of  linkage  groups;  (c)   characterize  and  establish 
true  breeding  stocks  of  the  various  susceptibility  combinations  of  B. 
glabrata  and  B.  straminea  for  S.  mansoni  infections;  (d)  test  additional 
stocks  of  B.  glabrata  and  strains  of  ^.  mansoni  as  available  and  (e)   continue 
studies  of  incompatibility  between  certain  stocks  of  B.  glabrata . 
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Pliins  litive  been  initiated  for  research  studies  in  collaboration  with 
Dr.  Frt'derlco  Bfirbosd,  Professor  of  Epidemiology  ;it  the  University  of  Brasilia. 
Laboratory  and  field  trials  will  be  carried  on  Brazil  to  assess  the  potential 
for  genetic  control  of  transmission  of  S.  mansoni  by  the  use  of  genetic  stocks 
oL  B.  );lnbrata  and  B.  straminoa  refractory  to  infection. 

Biochemical  .ind  hlstopathological  studies  will  be  continued,  in 
collaboration  willi  Dr.  Kasachau  (Guest  worker)  and  Dr.  T.  S.  Theodore  (LM) , 
to  elucidate  the  basic  mechanisms  involved  in  variations  in  susceptibility 
of  B.  glnbrata  for  infection  with  S.  mansoni .   Parabiotic  methods,  involving 
interchange  of  hemolymph  between  two  snails  through  a  connecting  capillary 
tube,  will  be  employed  to  study  susceptibility  for  Infection  with  S.  mansoni, 
and  intra  and  interspecific  incompatibility.   Snails  will  be  irradiated  to 
study  effects  on  susceptiblity . 

Studies  on  protozoan  and  bacterial  infections  in  mollusks  will  be 
contlnuetl:   including  relations  to  the  molluscan  hosts,  effects  on  other 
parasites,  potential  lor  human  Infection,  and  as  a  variable  factor  in 
experimental  research. 

Molluscan  abnormalities  will  be  studied  by  fresh  dissections  and 
cul luring,  serial  sections,  genetic  selection  and  crossing,  and  environmental 
manipulation  to  determine  causal  factors.   Studies  on  the  hlstopathology  of 
molluscan  tumors  will  be  continued  in  collaboration  with  Dr.  Michelson. 

Honors  and  Awards: 

Mciiih.T,  editorial  board.  Journal  of  Invertebrate  Pathology. 

P.ir Liclpalion  in  "Marine  Bioassays  Evaluation  Workshop"  sponsored  by 
the  Marine  Technology  Society,  Montauk,  Long  Island,  New  York,  April  9-11, 
1974. 

I'ub  I  icat  ions  : 

Richards,  C.S.:   Susceptibility  of  adult  Biomphalaria  glabrata  to 
Sch i  s t OS oma  ma ns oni  infection.   Am.  J.  Trop.  Med.  Hyg.   22:   748-756,  1973. 

Richards,  C.S.:   Genetics  of  Biomphalaria  glabrata  (Gastropoda: 
rianorbidae).   Malacol.  Rev.   6:   199-202,  1973. 

Richards,  C.S.:   Bulbous  head  growths  of  Biomphalaria  glabrata;   Genetic 
studies.   J.  Invert.  Path.   22:   278-282,  1973. 

Ricliards,  C.S.:   Tumors  in  the  pulmonary  cavity  of  Biomphalaria  glabrata : 
Genetic  studios.   J.  Invert.  Path.   22:   283-389,  1973. 

Richards,  C.S.:   Inherited  variability  in  the  course  of  the  intestine 
in  Biomphalaria  glabrata.   Malacol.  Rev.   6:   133-138,  1973 
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Richards,  C.S.;   Fecal  pellets  of  Bloinphalari.i  ulabrata.   Malacol . 
Rev.   6:   125-131,  1973. 

Richards,  C.S.:   Genetics  of  pigmentation  in  Blomphalaria  straminea. 
Am.  J.  Trop.  Med.  Ilyg.   (in  Press),  1974. 

Richards,  C.S.:   Antler  tentacles  of  Biomphalaria  Klabrata:   Genetic 
studies.   J.  Invert.  Path.   (in  Press),  1974. 

Richards,  C.S.:   Shell  mats  associated  with  Microsporlda  in 
Biomphalaria  £j_ab£ata^:   Genetic  studies.  J.  Invert.  Path.   (in  Press),  1974. 

Richards,  C.S.:   Everted  preputiutn  and  swollen  tentacles  in 
Biomphalaria  ^labrata:   Genetic  studies.   J.  Invert.  Path.   (in  Press),  1974 
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Serial  No.   NIAID  121-H 

1.  Parasitic  Diseases 

2.  Host-Parasite  Relations 

3.  Bethesda,  Maryland 


fl 


Project   Title; 


PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

The  Pathogenesis  of  Schistosome  Infections  in 
Mammalian  Hosts 


Previous  Serial  Number:   Same 
Principal  Investigator:   Allen  W.  Cheever 
Other  Investigators:   None 
Cooperating  Units 


Southwest  Foundation  for  Research  and  Education 
(Drs.  Kuntz  and  Myers);  Department  of  Pathology, 
Hospital  Professor  Edgard  Santos,  Salvador,  Brazil 
(Dr.  Andrade) ;  Department  of  Pathology,  Peter  Bent 
Brigham  Hospital,  Boston,  Mass.  (Dr.  von  Lichtenberg) ; 
Department  of  Zoology,  University  of  Georgia  (Dr. 
Damian) :  Division  of  Clinical  Oncology,  University 
of  Wisconsin  (Drs.  Bryan  and  Brown). 


Man  Years : 


1 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned  to 
Project 


Guest 
Workers 


Total 


Total 

22/12 

22/12 

Professional 

10/12 

10/12 

Other 

12/12 

12/12 

Project  Description: 

Objectives:   To  determine  the  nature  and  pathogenesis  of  the 
lesions  produced  in  various  mammalian  hosts  by  schistosomes  of  medical 
importance. 

Methods  Employed:  Physiologic  parameters  and  lesions  are  related 
to  host  reactivity  and  quantitative  parasitologic  information. 

Major  Findings:  Data  from  400  autopsies  performed  in  Cairo,  Egypt 
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has  been  revised  and  computer  analysis  begun, 
previously  reported  are  now  available. 


No  results  beyond  those 


Bladder  cancers  have  been  found  in  an  additional  4  capuchin 
monkeys  infected  with  S_.    haematobium  at  the  Southwest  Foundation.   Isologous 
transplants  of  tumors  have  been  done  and  the  monkeys  are  being  followed. 
Urothelial  tumors  were  also  produced  in  2  infected  gibbons.   One  of  these 
animals  also  developed  calcification  of  the  bladder,  the  first  experimental 
reproduction  of  this  complication  of  S^.  haematobium  infection. 

Pipestem  fibrosis  in  chimpanzees  infected  with  S^.  japonicum  was 
shown  to  be  easily  prevented  by  early  treatment  but  was  essentially 
irreversible  once  it  developed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Determination  of  the  morbidity  of  schistosome  infections  depends 
upon  accurate  information  concerning  the  anatomic  lesions  and  the  develop- 
ment of  criteria  which  allow  extension  of  autopsy  findings  to  living 
patients.   The  production  of  bladder  cancers  in  experimentally  infected 
primates  offers  an  opportunity  to  study  this  tumor  in  a  "natural"  setting. 

Proposed  Course  of  the  Project:  Factors  governing  host  reaction 
to  S_.    japonicum  eggs  will  be  examined  biologically  and,  if  suitable 
collaboration  is  found,  immunologically.   Study  of  bladder  cancers  will 
emphasize  determining  the  biological  behavior  of  the  tumors  and  changes 
in  urinary  tryptophan  metabolites  during  schistosome  infection. 

Honors  and  awards :   Dr.  Cheever  served  on  the  Council  of  the 
American  Society  of  Tropical  Medicine  and  Hygiene  and  as  Consultant  to 
the  WHO  (Measurement  of  Public  Health  Importance  of  Schistosomiasis) . 
Invited  lectures  were  presented  to  graduate  students  in  the  Department  of 
Zoology,  University  of  Maryland  and  in  the  Department  of  Pathobiology, 
Johns  Hopkins  University  School  of  Public  Health.   He  is  also  a  member 
of  the  TMP  Study  Section. 

Publications: 


I— I 


\ 


Cheever,  A.W. ,  Erickson,  D.G.,  Sadun,  E.H.  and  von  Lichtenberg,  F. 
Schistosoma  japonicum  infection  in  monkeys  and  baboons:  parasitological 
and  pathological  findings.   Am.  J_.  Trop.  Med.  Hyg.   23 :  51-64,  1974. 

Cheever,  A.W. ,  Kuntz,  R.E.,  Myers,  B.J.,  Moore,  J. A.  and  Huang, 
T.C.:   Schistosomiasis  haematobia  in  African,  hamadryas  and  gelada  baboons. 
Am.  J.  Trop.  Med.  Hyg.  23:  429-448,  1974. 

Smith,  J.H.,  Torky,  H. ,  Mansour,  N.  and  Cheever,  A.W. :  Studies 
on  egg  excretion  and  tissue  egg  burden  in  urinary  schistosomiasis.  Am. 
J.  Trop.  Med.  Hyg.  23.:  163-168,  1974. 
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Cheever,  A.W.  and  Duvall,  R.H. :   Single  and  repeated  infections 
of  grivet  monkeys  with  Schistosoma  mansoni:  parasitological  and  pathological 
observations  over  a  31-month  period.   Am.  J_'  Trop.  Med.  Hyg.  (In  press) 

Sadun,  E.H.,  von  Lichtenberg,  F. ,  Erickson,  D.G.,  Cheever,  A.W. , 
Bueding,  E.E.  and  Anderson,  J.S.:   The  effect  of  treatment  on  the  evolution 
of  schistosomiasis  japonica  in  chimpanzees.   Am.  J.  Trop.  Med.  Hyg. 
(In  press) 
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Lee,  H.G.:   Aspects  of  the  effect  of  thioxanthone  on  Schistosoma 
mansoni  in  mice  and  in  vitro.   Bull.  WHO  46:  397-402,  1972. 
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Serial  No.   NIAID  121-1 

1.  Parasitic  Diseases 

2.  Host-Parasite  Relations 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Serologic  Studies  on  Filariasis 

Previous  Serial  Number:   Same 

Principal  Investigator:   Guillermo  Pacheco 

Other  Investigators:   Anastasia  Stanley 

Cooperating  Units:   Dr.  Thomas  C.  Orihel,  Delta  Regional  Primate  Center, 

Covington,  Louisiana.   Dr.  Angel  M.  Ponce,  San  Pedro 
Macoris,  Dominican  Republic.   Dr.  Martin  S.  Wolfe, 
Department  of  State,  Washington, D.C. 

Man  Years : 


1 


!  tr- 


I 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned  to 
Project 


Guest 
Workers 


Total 


Total 

9/12 

9/12 

Professional 

9/12 

9/12 

Other 

0 

0 

Project  Description: 

Objectives:   To  study  serologic  changes  in  experimental  and 
natural  infections  with  various  filariae  in  man  and  animals.   Antigens 
from  different  stages  in  the  life  cycle  of  homologous  or  heterologous 
parasites  are  used  in  these  studies. 

Methods  Employed:   Indirect  tanned-cell  hemagglutination  (IHA) 
is  used  as  the  basic  technic  to  evaluate  humoral  antibody  response. 
Fluorescent  antibody  technics  are  used  to  demonstrate  antigen-antibody 
complexes  with  soluble  antigens;  diffusion  in  agar  and  Immunoelectro- 
phoresis are  used  as  adjuncts  in  analysis  of  antigens. 
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Major  Findings;   Studies  of  sectioned  microfilariae  of  B.    imltis 
using  the  indirect  fluorescent  antibody  technique  gave  results  equivalent 
to  those  obtained  with  microfilarial  antigen  in  the  indirect  hemagglutina- 
tion test.   Sections  of  adult  U.    imitis  are  being  similarly  studied. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Serologic  diagnosis  of  filariasis  remains  inadequate  because  of 
the  lack  of  specificity  of  the  antigens.   We  have  attempted  to  evaluate 
currently  available  serodiagnostic  techniques  with  sera  from  adequately 
studied  cases  and  to  devise  more  specific  techniques. 

Proposed  Course  of  the  Project:   This  project  has  been 
terminated  following  retirement  of  the  principal  investigator. 
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Serial  No.   NIAID  121-J 

1.  Parasitic  Diseases 

2.  Host-Parasite  Relationship 

3.  Bethesda,  Maryland 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Host-parasite  Relationships  in  Filariasis 

Previous  Serial  Number:   Same 

Principal  Investigator:   Guillermo  Pacheco 

Other  Investigators:   None 

Cooperating  Units:   Dr,  Thomas  C.  Orihel,  Delta  Regional  Primate  Center, 

Covington,  Louisiana;  Dr.  Angel  M,  Ponce,  San  Pedro  de 
Macoris,  Dominican  Republic;  Dr.  Allen  Kaplan,  LCI, 
NIAID;  Dr.  Glen  Geelhoed,  NCI. 

Man  Years: 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned  to 
Project 


Guest 
Workers 


Total 


Total 

9/12 

9/12 

Professional 

9/12 

9/12 

Other 

0 

0 

}   f 
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Project  Description: 

Objectives:   To  study  the  interaction  between  filariae  and  their 
vertebrate  hosts.   These  studies  are  directed  to  provide  a  better  under- 
standing of  filariasis  and  other  nonpatent  helminthiases  in  man. 

Methods  Employed:   Brugia  malayi,  B^.  pahangi,  Dipetalonema  viteae, 
Dirof ilaria  immitis  and  D.  corynodes,  as  well  as  appropriate  arthropod 
vectors,  are  maintained  for  experimental  study.   Blood  and  tissues  from 
monkeys  infected  with  D.  corynodes  or  B^.  malayi,  and  people  infected  with 
Wuchereria  bancrof ti  are  received  from  collaborating  laboratories. 

Major  Findings:   A  new  technique  was  developed  for  separation  of 
large  numbers  of  clean  microfilariae  from  whole  blood.   No  new  experimental 
infections  were  carried  out. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 


ff 


n> 


Altered  host-parasite  relations  are  apparently  basic  to  much  of 
the  disease  produced  by  filarial  infections.   We  have  sought  to  explore 
altered  host-parasite  relations  in  experimental  models  and  apply  these 
observations  to  disease  syndromes  occuring  in  man. 

Proposed  Course  of  the  Project:   This  project  has  been  terminated 
following  retirement  of  the  principal  investigator. 

Honors  and  Awards : 

Dr.  Pacheco  served  as  a  Member  of  the  U.S.  Panel  of  the  U.S.- 
Japan Cooperative  Medical  Science  Program  (Parasitic  Diseases). 
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Serial   No,    NIAID   121-K 

1.  Parasitic    Diseases 

2.  Host-Parasite   Relationship 

3.  Bethesda,   Maryland 


!    tr< 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:   Detection  and  characterization  of  a  circulating  schistosome 
antigen  and  other  immunologic  studies  in  schistosomiasis. 

Previous  Serial  Number:   Same 

Principal  Investigator:   Theodore  E.  Nash 

Other  Investigators:   Franklin  A.  Neva  and  Benjamin  Prescott 

Cooperating  Units:   None 

Man  Years: 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned  to 
Project 


Guest 
Worker 


Total 


I 

i 

1 


Total 

6/12 

6/12 

Professional 

6/12 

6/12 

Other 

Project  Description: 

Objectives :   (1)   To  determine  the  location  of  the  schistosome  derived 
circulating  antigen  in  the  adult  schistosome.   (2)   To  develop  a  radio- 
immunoassay to  this  antigen.   (3)   To  determine  the  location  of  the  antigen 
in  the  infected  host.   (4)   To  determine  whether  this  antigen  can  be  used  in 
diagnostic  serologic  tests  for  schistosomiasis. 

Methods  Employed:   Using  specific  antisera  to  this  antigfin,  immuno- 
fluorescent  techniques  were  employed  to  determine  the  location  of  the  antigen 
in  adult  schistosomes  and  infected  animals.   The  cyanogen  bromide  technique 
was  used  in  attempts  to  bind  thyramine  to  the  antigen  followed  by  labelling 
with  X25^*  Anti-antigen  rabbit  gamma  globulin  was  prepared  and  labelled  with 
]^25l'   Polyvinyl  plates  were  used  in  an  attempt  to  develop  a  solid  phase 
radioimmunoassay.   Standard  complement  fixation  techniques  were  employed 
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using  the  antigen  and  whole  worm  antigens  reacting  with  infected  patients 
sera.   Lipid  fractions  of  worms  were  separated  and  tested  for  complement 
fixating  ability. 

Major  Findings:   The  location  of  the  circulating  antigen  in  the  adult 
schistosome  is  in  the  lining  cells  of  the  gut,  the  border  of  the  lining  cells 
of  the  gut  and  the  lumen  of  the  gut,  and  occasionally  in  the  lumen  itself. 
Studies  in  infected  mice  have  failed  to  locate  the  antigen  in  the  liver. 
PAS  staining  of  the  schistosome  revealed  positive  staining  in  areas 
corresponding  to  the  fluorescence  observed  using  specific  antisera  to  the 
antigen. 

Attempts  to  develop  a  radioimmunoassay  by  labelling  the  antigen  have 
not  been  successful.  Presently  studies  are  in  progress  using  a  solid  phase 
system  with  purified  labelled  anti-antigen  rabbit  globulin. 

Studies  using  the  antigen  in  complement  fixation  tests  revealed  that 
whole  worm  antigens  were  more  sensitive  and  specific  in  diagnosing  known 
schistosome  infections  than  the  polysaccharide  antigen.   Positive  CF  to  the 
antigen  activity  was  observed  in  patients  whose  sera  contained  precipitating 
antibodies  to  the  antigen.   Lipid  fractions  cross  reacted  with  various 
bacterial  and  mycoplasmal  lipids. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute  : 

The  finding  that  the  antigen  originates  from  the  gut  of  the  schistosome 
is  intriguing.   Unraveling  the  role  this  substance  plays  in  the  physiology  of 
the  trematode  can  lead  to  new  therapeutic  approaches.   Structural  poly- 
saccharides have  not  been  studied  in  schistosomes.   The  antigen  may  play 
a  role  in  the  development  of  glomerulonephritis  in  humans.   Development  of 
a  radioimmunoassay  can  lead  to  development  of  a  way  to  quantitate  human 
infections . 


Proposed  Course  of  Project: 
principal  investigator. 

Publication : 


Termination  due  to  depature  of 


Nash,  T.E.,  Prescott,  B.  and  Neva.  F.A.:   The  characteristics  of  a 
circulating  antigen  in  schistosomiasis.   J.  Immunol.   112:   1500-1507,  1974. 

Nash,  T.E.  :   Location  of  the  circulating  antigen  in  schistosomiasis. 
Amer.  J.  Trop.  Med.  Hyg .   (in  Press),  1974. 
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1.  Parasitic   Diseases 

2.  Parasite  Growth  and 
Differentiation   Section 

3.  Bethesda,    Maryland 

PHS-NIH 
Individual   Project   Report 
July   1,    1974   through   June    30,    1974 

Project  Title:      Studies   on  Entamoeba  histolytica  and   other  parasitic 
protozoa. 

Previous   Serial  Number:      Same 

Principal   Investigator:      Louis   S.    Diamond 

Other   Investigators 


] 


Joseph  T,  Marino,  Carl  F.  T.  Mattern,  and  Bruce  P. 
Phillips 


Cooperating  Units:   None 
Man  Years: 


I 


NIAID 

Other  NIH 

Guest 

Lab. 

Personnel 

Workers 

Staff 

Assigned  to 
Project 

Total 


Total 

51/12 

51/12 

Professional 

20/12 

20/12 

Other 

31/12 

31/12 

\ 


Project  Description: 

Objectives :   To  develop  and  refine  techniques  for  the  axenic  cultiva- 
tion of  Entamoeba  histolytica,  related  amebae  and  other  parasitic  protozoa; 
to  define  their  in  vitro  nutritional  requirements,  to  study  their  metabolism, 
and  mechanisms  of  pathogenicity.   To  study  naturally  occurring  viruses  of  E. 
histolytica.   To  develop  techniques  for  cryopreservation  of  parasitic 
protozoa,  to  study  mechanisms  involved  in  resistance  of  these  organisms  to 
freezing  injury. 

>fethods  Employed:   Entamoebae  or  other  parasitic  protozoa  freed  of 
naturally  associated  microorganisms  by  use  of  microisolation  procedures 
and/or  a  variety  of  antibiotics  are  established  in  monoxenic  cultures 
with  single  species  of  trypanosomatids  or  bacteria,  then  adapted  to  grow 
under  axenic  conditions.   In  vitro  growth  is  monitored  through  use  of  a 
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Coulter  electronic   counter  and/or   standard   counting  chambers. 

Viruses   of  E.    histolytica  are   characterized   and   studied  using  classical 
virological    techniques. 


"1 


Protozoa  are  suspended  in  a  variety  of  cryopreservatives  and  the 
effects  of  varying  freezing  and   thawing  rates  on  recovery  of  viable  cells 
cooled  to  temperature  of  liquid  nitrogen  (-196°C)  are  studied. 

Laboratory  animals  are  inoculated  via  laporatomy  with  amebae  cultivated 
under  a  variety  of  conditions  and  pathogenesis  is  studies. 


Major  Findings:   During  the  past  year  the  principal  research  efforts 
in  this  Laboratory  have  been  concerned  with  1)   Elucidation  of  the  relation- 
ships between  Entamoeba  histolytica  and  its  indigenous  viruses,  2)  Determi- 
nation if  any,  of  the  relationships  between  amebal  virus  and  virulence  of  the 
araebae,  3)   Histo-pathological  study  of  hepatic  amebiasis  in  the  hamster  and 
jird. 

To-date  10  strains  of  E^.  histolytica  have  been  examined  and  found 
infected  with  indigenous  viruses.   All  of  the  strains  were  infected  with  a 
polyhedral  virus.   In  addition,  two  of  the  strains  were  also  infected  with  a 
filamentous  virus. 

A  third  morphologic  entity  having  a  unique  beaded  structure  has  been 
found  in  three  of  the  above  strains.   Attempts  are  being  made  to  isolate  and 
determine  the  possible  viral  nature  of  this  entity. 

The  amebal  host  range  of  the  viruses  of  each  amebal  strain  has  been 
studied  by  cross-infection  experiments  in  heterologous  strains  of  amebae. 
The  data  indicates  that  each  viral  isolate  has  a  different  host  range  which 
in  turn  suggests  that  more  than  one  viral  entity  is  involved. 

In  studies  of  the  host  range  of  the  viruses  isolated  from  several 
clones  of  HB-301:NIH  amebae  it  has  been  shown  that  one  amebal  strain,  HK-9, 
is  consistently  more  sensitive  to  all  of  these  viruses  than  the  other  amebal 
strains.   Apparently,  fewer  infectbus  doses  are  required  to  bring  about  CPE 
and  complete  lysis  occurs  more  rapidly.   These  findings  point  to  genetic 
differences  between  the  hosts. 
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Indigenous  virus  production  in  both  cloned  and  uncloned  (wild  type) 
amebal  cultures  varies  between  strains  being  consistently  high  in  some  and 
low  in  others.   Moreover,  in  some  clones  and  wild  type  strains  virus  pro- 
duction fluctuates  from  high  to  low  to  high. 

Two  clones  of  strain  HB-301  amebae  known  to  be  consistently  low- 
producers  of  polyhedral  virus  have  been  induced  to  produce  "relatively  high 
titers  by  cultivating  the  amebae  with  BUDR  for  a  short  period.   Subsequently, 
the  high  titers  returned  to  their  original  low  levels  after  the  treated 
amebae  were  subcultured  for  several  weeks  in  the  absence  of  BUDR.   A  third 
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clone  did  not  respond  to  similar  exposure  to  BUDR. 

Forty  three  clones  representing  3  generations  of  HB-301  amebae  have 
been  examined  and  found  infected  with  virus.   These  findings  together  with 
earlier  findings  that  prolonged  exposure  of  the  amebae  to  specific  viral- 
antiserum  fails  to  result  in  freeing  the  amebae  of  its  virus  strengthens 
the  concept  that  the  polyhedral  virus-ameba  system  is  a  lysogenic  one. 

The  virulence  of  9  strains  of  axenically  cultivated  E^.  histolytica 
has  been  evaluated  by  direct  inoculation  into  the  liver  of  the  golden 
hamster.   Based  on  an  average  lesion   score  (0-4)  virulence  among  the  strains 
varied  from  0  to  3.5.   Furthermore,  in  contrast  to  the  findings  of  Wittner 
and  Rosenbaum  there  appeared  to  be  no  strict  correlation  between  degree  of 
virulence  and  period  of  time  the  amebae  were  in  axenic  culture.   One  strain 
in  axenic  culture  12  years  produced  lesions  in  9  of  20  animals  (457o)  and  in 
two  of  the  animals  severe  grade  3  lesions  developed. 

Clones  of  axenically  cultivated  HB-301  amebae  assayed  in  the  golden 
hamster  via  direct  inoculation  of  the  liver  have  been  shown  to  vary  signifi- 
cantly in  their  ability  to  invade  and  destroy  hepatic  tissue.   Since  all  of 
these  clones  were  isolated  at  the  same  time,  ruling  out  the  possible  effect, 
if  any,  of  the  axenic  state  on  virulence,  these  findings  can  be  interpreted 
as  being  indicative  of  the  existence  of  histotrophic  clones  of  E^.  histolytica. 

A  comparative  study  of  induced  hepatic  infection  with  E.  histolytica 
in  the  clawed  jird  and  golden  hamster  revealed  noteworthy  differences  in  the 
histopathology  of  the  two  species.   Namely,  the  occurrence  of  discrete 
abscesses  in  the  jird  versus  more  confluent  ones  in  the  hamster.   A  chronic 
fibrous  reaction  in  the  former  versus  an  acute  cellular  reaction  in  the 
latter,  and  the  presence  of  large  numbers  of  apparently  normal  amebae  in 
the  jird  compared  to  the  relative  few  in  the  hamster.   These  findings 
together  with  the  fact  that  none  of  the  jirds  succumbed  to  infection  whereas 
many  of  the  hamsters  did,  suggests  that  the  jird  is  more  competent  in  con- 
taining hepatic  infection. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  pathogenesis  of  hepatic  amebiasis,  the  most  important  extra- 
intestinal form  of  the  disease  in  humans  is  poorly  defined.   Why  certain 
individuals  develop  these  lesions  is  unknown.   The  existence  of  hepatotrophic 
strains  has  been  postulated,  but  there  is  no  evidence  of  this  in  nature. 
The  finding  that  certain  clones  of  a  strain  of  E.  histolytica  are  more  virulent 
than  others  for  the  hamster  liver  lends  credence  to  this  hypothesis.   Whether 
this  is  a  stable  genetic  variant  controlled  by  an  integrated  chromosome,  by 
a  cytoplasmic  episome-like  factor  or  by  viral  genetic  material  has  yet  to  be 
determined. 

As  a  result  of  the  investigations  on  the  clawed  jird,  parasitologists 
now  have  a  second  animal  species  with  which  to  study  hepatic  amebiasis. 
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Study   of   the   relationships   between   the  viruses    of    the   relatively 
simple   eukaryote,    E.    histolytica,    and    the   amebal   host  yields   data   of  value 
to   investigators   dealing  with  mammalian-virus   systems  and   phage. 

See   projects  NIAID   123-C   and    125-K   for   additional    investigations    on 
axenically  cultivated   E^.    histolytica. 

Proposed   Course   of   the    Project:      Efforts  will   be  made    to   further 
characterize    the    physical   and   chemical    properties    of   the   viruses   of 
Entamoeba.      A  classification  of   these  viruses    based  on  host   range    specificity 
is   being  developed,      Avirulent   strains   of  jE.    histolytica   have   been   obtained 
and  are    in    the   process    of  being  assayed    for  virus.      The    search   for  viruses    in 
other   species   of   Entamoeba  as  well   as   other  pathogenic    protozoa  will   continue. 
Tlie    possible   role   of  amebal  viruses    in  hepatic   amebiasis  will   be    investigated 
using    the   hamster  and    jird   animal  models.      Patients  with   amebic   disease   are 
being    screened   serologically    for  antibodies   against  amebal   viruses.      Efforts 
to  develop      techniques    for   the   axenic   cultivation   of   other  parasitic    protozoa 
will   continue,    as  will   efforts    to   improve   existing    techniques    for    the   cryo- 
preservation  of   these    organisms. 
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Honors   and  Awards: 

Chairman,  Advisory  Committee  to  the  Collection  of  Protozoa,  American 
Type  Culture   Collection. 

Member,    Board   of  Trustees   and   Executive   Council,    American   Type   Culture 
Collection. 

>fember,    WHO  Expert  Advisory    Panel    on   Parasitic    Diseases    (General 
Parasitology) . 

Member,    Editorial    Board,    Cryobiology. 

Invited  Conference    Leader,    Sixth   Seminar   on  Amebiasis,    sponsored   by 
National   University   of  Mexico  and    the   Mexican    Institute   of   Social    Security, 
Mexico  City,    February  20   to  22,    1974. 

Presided  over  Section  2  (Amebiasis)  as  Honorary  Chairman,  9th  Inter- 
national Congress  on  Tropical  Medicine  and  Malaria,  Athens,  Greece,  October 
14-21,    1973.  . 


Publications: 

Hruska,    J.    P.,    Mattern,    C.    F.    T. ,    and   Diamond,    L.    S. :      Viruses    of 

Entamoeba   histolytica.      IV.      Studies    on   the  nucleic   acids    of   the    f  i  l.-nnPntmiR 

and    polyhedral  viruses.      J.    Virol.    13:      205-210,    1974. 
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Mattern,  C.  F-  T, ,  Hruska,  J.  F. ,  and  Diamond,  L.  S. :  Viruses  of 
Entamoeba  histolytica.  V.  Ultras  true  ture  of  the  polyhedral  virus  V^^,,  . 
J.   Virol.    13:      247-249,    1974. 
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Diamond,    L.    S.,    Phillips,    B.    P.,    and   Bartgis,    I.    L. :      Virulence   of 
axenically  cultivated   E.    histolytica.      Arch.    Invest,    I^d.    (Mex.)    4,    Supl.    1: 
99-104,    1973. 

Diamond,  L.  S. ,  Phillips,  B.  P.,  and  Bartgis,  I.  L. :  A  comparison  of 
the  virulence  of  nine  strains  of  axenically  cultivated  Entamoeba  histolytica 
in  hamster   liver.       (In  press) 


Diamond,    L.    S. ,    Phillips,    B.    P.,    and   Bartgis,    I.    L. :      The   clawed   jird 
(Meriones  unguiculatus)    as   an  experimental   animal    for    the    study   of  hepatic 
amebiasis.       (In  press) 

Weinbach,    E.    C.    and   Diamond,    L.    S. :      Entamoeba   histolytica. 
I.      Aerobic  metabolism,      Exp.    Parasit,      35_:      232-243,    1974. 


i 


\ 


M 


29 


L 


'tatssw} 


f,-^f  .-v*»^ 


Serial  No.  NIAID  122-J 


1.  Parasitic  Diseases 

2.  Growth  and  Differentiation 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Biochemical  Basis  for  Growth  and  Differentiation  of 
Parasitic  and  Free-living  Nematodes 

Previous  Serial  Number:   Same 

Principal  Investigator:   Dr.  Ruth  Pertel 

Other  Investigators:   Dr.  Norman  Luban  and  Dr.  Rose  Ann  Cattolico 

Cooperating  Units:   None 

Man  Years: 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
J   Assigned  to 
Project 


Guest 
Workers 


Total 


Total 

24/12 

24/12 

Professional 

20/12 

20/12 

Other 

4/12 

4/12 
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Project  Description: 

Objectives:   To  investigate  the  generalized  life  cycle  of  parasitic 
and  free-living  nematodes  utilizing  techniques  from  biochemistry,  genetics 
and  neurobiology.   To  investigate  sensory  modulation  in  the  wild  type  of 
C^.  elegans  and  its  mutants  at  various  stages  of  differentiation  and 
development  in  an  attempt  to  eleucidate  the  sensory  mechanism  involved  in 
the  transitional  phase  of  nematodes  when  a  free-living  mode  is  exchanged 
for  a  parasitic  mode  and  the  development  of  the  reproductive  system  begins. 

To  develop  techniques  of  investigating  neuronal  netwovk  synaptic 
contacts,  and  morphogeneisis  of  the  gonads  in  the  large  number  of  mutants 
altered  in  behavior  and  postembryonic  development  of  the  transitional 
phase.   Other  systems  such  as  the  mammalian  taste  bud  have  been  used  to 
supplement  these  studies. 
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Methods  Employed;   Free-living  Caenorhabditis  elegans  var.  Bristol 
cultured  as  synchronous  populations  under  axenic  conditions  (free  of  all 
living  associates)  are  used  as  the  initial  test  system.   Chemotactic, 
motility,  drug  resistant,  and  developmental  mutants  are  used  to  study  the 
neuronal  basis  for  the  responses  of  nematodes  to  their  environment  which 
controls  reproduction.   Developmental  mutants  are  studied  in  regard  to 
their  genetics,  population  dynamics,  and  media  effects  upon  growth  and 
development. 
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Chemotactic  assay:   A  biphasic  (semisolid  agar  and 
aqueous  system)  is  used  to  determine  the  sensitivities  of  various  mutants 
to  chemical  gradients. 


Anatomical  studies:   Conventional  techniques  of  electron 


and  light  microscopy  are  used. 

Major  Findings: 

1.  Anatomical  studies 
system  has  been  attempted  using 
amine  fluorescence  described  by 
containing  neurons  have  been  ob 
and  both  noradrenergic  and  sero 
area  of  the  genital  papillae  of 
has  been  observed  and  corrobora 
assay  (trihydroxyindole  method) 


Histochemical  mapping  of  the  nervous 
the  technique  for  demonstrating  catechol- 
Falck  and  Hillarp.   Norepinephrine 
served  in  the  circumenteric  nerve  ring 
toninergic  areas  have  been  observed  in  the 
males.   A  norepinephrine  depleted  mutant 
tion  is  being  sought  using  a  fluorometric 
for  norepinephrine.   (Luban  and  Pertel) 
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2.  Sensory  mechanisms:   The  effect  of  combinations  of  cations 
on  the  chemotactic  response  has  been  pursued  with  inhibitors  of  ion 
channels  such  as  tetrodotoxin.   Divalent  cations  may  have  important  effects 
on  modulating  responses  to  gradients. 

3.  Genetics:   The  holding  stage  (ensheathed  dauerlarva)  of 
parasitic  nematodes  prior  to  infection  of  the  host  usually  occurs  at 
some  point  prior  to  the  development  of  the  gonads.   In  the  Strongyles 
and  in  C^.  elegans  (a  putative  evolutionary  relative  of  the  Strongyles), 
development  of  the  gonads  begins  at  the  third  to  fourth  stage  molt 
transition  of  the  juveniles.   We  are  interested  in  the  degree  that  genetic 
vs.  environmental  information  affects  this  transition.   Deletion  from  the 
growth  medium  of  hemin  and  steroid,  essential  nutrients  of  C^.  elegans, 
produced  environmentally  determined  holding  stages,  i.e.,  growth  stoppage 
with  maintenance  of  a  particular  molt  stage.   Specific  mutants  controlled 
by  hemin  have  been  isolated  and  further  characterized,  in  terms  of  growth, 
translational  controls  and  genetics. 

4.  In  situ  hybridization:   Germ-line  DNA  isolated  from  reproduc- 
ing adults  in  which  approximately  one-half  of  the  cells  are  derived  from 
the  embryonic  germ  line  was  hybridized  to  the  germ-line  cell  DNA  of  larval 
stages  which  contain  only  4  germ-line  cells,  in  situ.   This  serves  to 
mark  the  specific  nuclear  and  cellular  location  of  particular  nucleic  acids 
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as  associated  with  the  germ  line.   (Cattolico  and  Pertel) 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Nematode  infections  of  man,  domestic  animals,  and  plants  are 
protean  in  character  and  world-wide  in  distribution.   The  studies  on  the 
mechanism  of  sensory  processing  of  environmental  information  by  nematodes 
would  provide  information  on  how  nematode  parasites  find  their  hosts  and 
specific  tissues  in  the  host,  as  well  as  providing  information  on  sensory 
mechanisms  such  as  taste  in  higher  organisms. 

The  nematode  system  also  offers  a  good  study  system  for  the 
understanding  of  the  basic  biology  of  differentiation  and  development. 
It  is  an  ±n^   vivo  system  that  uniquely  separates  the  differentiation  of 
one  tissue,  the  gonaed,  from  other  fully  differentiated  tissues.   Most 
other  systems  for  studying  the  differentiation  of  the  blast  stages  of  a 
tissue  are  in  vitro  cell  cultures.   These  systems  are  plagued  with 
contamination  by  transforming  viruses  which  change  the  genetic  character- 
istics of  the  cells,  and  by  gene  dosage  effects  when  the  chromosomes 
undergo  abnormal  ploidy  changes.   The  information  derived  from  the  nematode 
studies  will  also  provide  understanding  of  the  basic  interactions 
attendant  upon  the  development  of  parasitic  nematodes  as  influenced  by 
the  host  which  so  often  occurs  at  the  third  to  fourth  molt  stage  transition 
when  the  gonad  develops  and  the  primary  biological  business  of  reproducing 
new  parasites  begins. 

Proposed  Course  of  the  Project:   The  project  will  hopefully  be 
continued  along  the  general  lines  mentioned  above. 

Honors  and  Awards: 


f 


i  ' 


Ruth  Pertel: 

Invited  to  organize,  chair  and  speak.  Symposium  on 
"Invertebrate  Model  Systems  and  Techniques  for  the  Study  of  Aging". 
Gerontological  Society  Meetings,  Miami,  Florida,  November  1973. 

Invited  Lectures  on  postembryonic  genetics  and 
development  of  a  nematode  at  the  following: 

1.  School  of  Life  Sciences,  University  of  California 
at  Santa  Cruz,  February  1974. 

2.  Department  of  Nutritional  Sciences,  University  of 
California  at  Berkeley,  California,  February  1974. 

3.  Department  of  Biology,  University  of  California 
at  San  Diego,  February  1974. 

4.  Department  of  Biology,  California  Institute  of 
Technology,  February  1974. 

5.  Department  of  Genetics,  University  of  California 
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)        at  Berkeley,  February  1974. 

6.   Department  of  Biology,  University  of  Southern 
California,  May  1974. 
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Project  Title: 


Serial   No.    NIAID   123-B 

1.  Parasitic  Diseases 

2.  Physiology  and  Biochemistry 

3.  Bethesda,  Maryland 

PUS-NIH 
Individual    Project  Report 
July    1,    1974    through  June    30,    1974 

Pathological   physiology  and  histochemistry   of  parasitic 
diseases 


Previous    Serial   Number:      Same 

Principal    Investigator:      Teresa    I.    ^fercado 

Other    Investigators:      None 

Cooperating  Units:      Comparative    Pathology   Section,      Division  of  Research 

Services    (Dr.    Anton  M.    Allen) 

Man   Years: 


Total 


NIMD 

Other  NIH 

Guest 

Lab. 

Personnel 

Workers 

Staff 

Assigned    to 
Proiect 

Total 

24/12 

24/12 

Professional 

12/12 

12/12 

Other 

12/12 

12/12 

Project  Description: 

Objectives :      To  gain  a   better   understanding   of   the   pathological 
physiology   of   parasitic   diseases   by   physiological   and   histochemical    studies. 

To  examine   differences   between   strains   of  Trypanosoma 
cruzi   by   studying    the    susceptibility   of  host   tissues    to  parasitic    invasion 
and  assessing   the   alteration  of  certain  parameters. 

Methods  Employed:  Tissues  from  mice  infected  with  Trv)anoaoma  cruzi 
strains  of  different  origins  are  studied  by  means  of  standard  histological 
procedures,  staining  with  Giemsa,  and  histochemical  assaying  for  lipid  and 
glycogen.  Parasite  levels  are  determined  by  hemocytometer  counts  of  blood. 
Plasma  and  tissue  isoenzymes  of  lactate  dehydrogenase  are  assayed  with  disc 
gel  electrophoresis  and  staining  with  tetrazolium  salts.  Trypomastigotes  of 
T.      cruzi  are    isolated    from   the   blood   of   infected  mice   by  means   of  DEAE 
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cellulose   columns  and   centrifugation  at  4°C. 

Major    Findings:      Studies   reported    last  year   indicated    that  vector- 
derived   strains   of  T.    cruzi  exhibited   a   characteristic    tropism   for  muscle 
but  not    for   liver.      This  was    in  marked   contrast    to   the   distinct   reticulo- 
tropism  exhibited  by  a   strain    (Tulahuen)   which  had  been  maintained 
exclusively   by  blood-passage    for  many   years.      In  an  attempt    to  analyze    the 
apparent  differences    in   tropism  the   possible   influence   of  the   size   of   the 
inoculum  was  examined.      The   resulting   infections   indicated,   however,    that 
the    qualitative   aspects   of   the    inoculum,    rather   than   the   quantitative, 
probably    influenced    the    inability   of   the  vector-derived    strains    to  establish 
themselves    in   the    liver   i.e.,    the    inoculation  of  metacyclic   and  epimastigote 
forms    in   the  vector-derived   strains  versus    trypomastigotes    in   the   blood- 
passaged    infections.      The   question  whether   or   not  multiple   blood-passaging 
alters  a   strain's   tropism  was  also  examined.      However,    10  consecutive   blood 
passages   of   the   House    510   strain  did   not  alter   its   characteristic    invasi- 
veness   of  muscle   and    lack   of   invasiveness    for    liver,    and  even  when  massive 
inocula  were   administered    (up   to  18  million   trypomastigotes)    six  additional 
passages  were    required   before    some    parasitization   of   the    liver   occurred.      The 
resulting  parasitic    foci  however,   were   not   observed   frequently  and  differed 
from  those   produced  by  a   typical   reticulotropic   strain.      They  appeared 
disorganized,    and   deteriorating   parasites  were   enmeshed    in  nests   of 
mononuclear  cells.      The   only  marked   difference   observed   after  multiple   blood- 
passaging   of   the   House   510   strain,   was   the   occurrence   of  many   large   parasitic 
foci    in   the   brain   of  mice   which  had    survived   periods   of  patency  as    long  as 
21  days.      Blood-passaging   of  another   strain,    the    House    11,    did   not  produce 
parasitization  of  the   liver,    but   the  vector-passaged  Tulahuen,   which  had  not 
shown    its    typical    liver    invasiveness   after   one   passage    in  Rhodnius.    quickly 
reverted   to  its   reticulotropism  after  only  one  blood-passage   in  mice. 
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Lactate   dehydrogenase    isoenzymes    of  plasma    from  mice    infected  with   the 
House   510  of   T.    cruzi  exhibited   a  distinct   increase   of   fractions   1   and   2 
(indicating  heart  muscle   injury)   and   of   fractions  4  and   5    (indicating   injury 
to   liver  and   skeletal  muscle),    as    the    infection  progressed.      Planimeter 
readings   of  zymograms,    including  all   the   isoenzyme   fractions,    ranged   from  14 
sq.    cm.    for  uninfected  mice,    just  before    inoculation,    to   70   sq.    cm.    for 
infected  mice    on   the    15th.    day   of  patency.       Infections  with    the   Tulahuen 
strain  revealed   an  additional    isoenzyme    (LDH-X),    slower -migrating    than  LDH-5 
and   occurring   in   larger  concentrations   than  a   similar   fraction  obtained  with 
the   House    510      strain,    but    in   the    latter  LDH-4  was   particularly   prominent. 
These    findings    indicate    the   usefulness   of   isoenzyme    studies    in  assessing 
tissue   injury  and   suggest   their  potential  value    in  the   classification  of 
clinical   T.    cruzi    infections. 

Significance    to   Biomedical   Research   and    the   Program  of   the    Institute: 

Basic  cellular  studies  provide  a  means  for  understanding  the  physio- 
logical mechanisms  involved  in  the  response  of  the  host  to  parasitic  infec- 
tions and  may   lead   to   the   identification  of   specific   parasite   substances 
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involved  in  pathogenesis.   Histochemical  studies  aid  in  localyzing  the 
altered  sites  within  tissues.   Physiological  studies  quantitate  the 
alteration  of  activity  obser^/ed  histochemically  and  aid  in  defining  further 
the  physiological  mechanisms  that  may  be  damaged.   Basic  studies  on  strain 
differentiation  aid  in  taxonomic  classification  and  in  assessing   the 
pathogenicity  of  a  parasitic  infection. 

Proposed  Course  of  the  Project:   Studies  on  host  pathology  with 
different  strains  of  T^.  cruzi  are  nearing  completion  and  the  manuscript  will 
be  submitted  for  publication.   The  isoenzyme  studies  will  be  continued 
employing  more  strains  of  T.  cruzi  and  more  specific  isoenzyme  procedures, 
e.g.,  creatine  phosphokinase,  for  the  detection  of  skeletal  muscle  injury 
and  pyruvic -glutamic  transaminase  for  the  detection  of  liver  injury. 
Studies  will  be  initiated  on  the  isoenzjrmes  of  T.  cruzi  trypomastigotes, 
recently  isolated  from  the  blood  of  mice. 

Publications: 

Mercado,  T.  I. :   Plasmodum  berghei:   Inhibition  by  splenectomy  of  a 
paralyzing  syndrome  in  infected  rats.   Exper.   Parasit.  34:   142-147,  1973. 
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Project  Title:      Biochemical  mechanisms   of  energy  metabolism   in  mammalian  and 
parasitic   organisms. 

Previous    Serial   Number:      Same 
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Principal  Investigator:   Eugene  C.  Weinbach 

Other  Investigators:   Louis  H.  Diamond,  Dan  Harlow  (Staff  Fellow),  and 

Tsutomu  Takeuchi  (Visiting  Fellow) 


Cooperating  Units : 


Laboratory  of  Microbiology,  NIAID  (Theodore  S.  Theodore) 
(Project  No.  63B),  Department  of  Biochemistry,  Case 
Western  Reserve  University,  School  of  Medicine  (Joseph 
Muenzer) ,  Department  of  Biochemistry,  University  of 
Stockholm,  Sweden  (Lars  Ernster,  B.  Dean  Nelson) 
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Project  Description: 

Objectives:   To  conduct  fundamental  studies  on  the  mechanism  of  aerobic 
energy  metabolism  in  mammalian  and  in  parasitic  organisms.   Specifically:   To 
continue  studies  of  electron  transport  and  oxidative  phosphorylation  in 
mammalian  cells  and  mitochondria,  and  (B)  comparative  studies  with  cells  and 
mitochondria  from  parasites. 

Methods  Employed:   Animal  tissues  are  fragmented  by  mechanical  or 
enzymatic  disruption  of  the  cells  and  mitochondrial  fractions  are  isolated  by 
differential  centrifugation.   Submitochondrial  particles  are  prepared  from 
intact  mitochondria  by  appropriate  chemical  or  mechanical  means.   Similar 
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procedures  are  used  to  isolate  mitochondria  from  cestodes,  the  principal 
metazoan  parasites  used  in  current  studies. 

Entamoeba  histolytica,  strain  HK-9 ,  is  cultivated  axenically  in 
Diamond's  liquid  medium,  and  the  active  trophozoites  collected  from  72-hours 
cultures  by  centrifugation.   For  biochemical  studies,  the  trophozoites  are 
sonicated  and  the  various  fractions  obtained  after  centrifugation  are  used 
in  enzymatic,  spec trophotome trie  and  polarographic  assays. 

Human  platelets  are  isolated  from  freshly  drawn  whole  blood  by 
differential  centrifugation. 

Mesosomal  vesicles  and  plasma  membranes  are  isolated  from  Staphlococcus 
aureus  by  differential  and  sucrose  gradient  centrifugation  after  treatment  of 
the  bacteria  with  lytic  enzymes. 

Cellular  and  mitochondrial  constituents  are  determined  and  character- 
ized by  appropriate  enzymatic,  chemical  and  physical  methods.   Oxygen  con- 
sumption is  determined  polarographically  with  the  Clark  oxygen  electrode. 
Enzyme  activities  are  assayed  by  spec trophotome trie  and  radionuclide  methods. 

Major  Findings: 


A.   Parasite  studies 

1.  Cestode  mitochondria:   In  collaboration  with  Prof. 
L.  Ernster  and  Dr.  B.D.  Nelson,  University  of  Stockholm,  spectral  studies  of 
the  mitochondria  of  Hymenolepis  diminuta  were  initiated  this  year.   Analyses 
of  the  pyridine  hemochromogens  with  dual  wavelength  spectrophotometry,  after 
differential  extractions,  identified  cytochromes  a,b,  and  c-c,.   Approximately 
0.3  nanomoles  of  the  cytochromes  per  mg  protein  were  found  in  the  parasite 
mitochondria.   In  these  lyophilyzed  preparations  enzymatic  reduction  of  the 
respiratory  pigments  did  not  occur,  whereas  chemical  reduction  with  dithionite 
was  readily  achieved.   Other  aspects  of  this  study  are  reported  by  Harlow 
(Serial  No.  123-F). 

2.  Diaphorase  activities  in  Entamoeba  histolytica: 
Continued  studies  on  the  biochemistry  of  E.  histolytica  demonstrated 
unambiguously  that  the  end-products  of  reduced  pyridine  nucleotides  oxidation 
mediated  by  diaphorase  are  NAD  and  NADP.   This  was  ascertained  by  specific 
enzymatic  procedures.   Spectral  analysis  of  extracts  of  lyophilyzed  tropho- 
zoites indicated  the  absence  of  cytochromes.   This  was  corroborated  by  direct 
chemical  and  physical  analyses  utilizing  atomic  absorption  spectroscopy 
which  disclosed  that  all  of  the  iron  could  be  accounted  for  as  non-heme  iron. 
The  large  content  of  non-heme  iron  (12  natoms/mg  protein),  together  with 

the  sensitivity  of  the  diaphorase  reaction  to  iron  chelators,  indicates 
that  iron-sulfur  proteins   serve  as  electron  carriers  in  E.  histolytica. 
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3.  Adenine  nucleotide  metabolism  in  E.  histolytica: 
Continued  collaboration  with  Dr.  T.  Takeuchi  (Visiting  Fellow,  Keio  University, 
Japan)  disclosed  that  adenylate  kinase  was  on  the  cell  surface  and  its 
catalytic  site  faced  toward  the  extracellular  space  (use  of  immobilized 
enzymes  and  atractyloside) .   Sensitivity  to  atractyloside   indicates  presence 
of  an  adenine  nucleotide  translocase  in  the  cell  membrane  of  this  parasite. 
Incubation  of  intact  trophozoites  with  ADP  and  determination  of  phosphorylated 
intermediates  demonstrated  that  adenylate  kinase  has  an  important  role  in 
metabolic  regulation  in  E^.  histolytica,  in  addition  to  mediating  the  synthesis 
of  ATP.   It  appears  that  the  synthesis  of  ATP  involves  a  transfer  of  phosphate 
from  a  protein  complex  to  ATP. 

4.  Glycogen  localization  and  metabolism  in  E.  histolytica: 
This  study  was  initiated  in  collaboration  with  Dr~.    T.  Takeuchi.   In  contrast 

to  mammalian  tissues,  most  of  the  particulate  glycogen  and  phosphorylase 
activity  was  concentrated  in  the  large  particle  fraction  (15,000  x  g)  of  E^. 
histolytica.   Other  enzymes  associated  with  glycogen  metabolism  were  found  in 
both  the  soluble  and  particulate  fractions.   Phosphoglucomutase  was  found  in 
the  soluble  fraction,  and  UDPG  pyrophosphorlase  was  present  in  the  soluble 
and  particulate  fractions.   The  distribution  of  the  latter  enzyme  in  these 
fractions  was  dependent  on  exogenous  Mg,  and  its  activity  was  inhibited  by 
pyrophosphate.   Sucrose  density  gradient  centrifugations,  in  conjunction 
with  specific  enzymatic  procedures,  demonstrated  that  phosphorylase  was 
particle  bound.   Glycogen  synthetase  of  the  mammalian  type  was  not  detected. 
Particulate  glycogen  was  disbursed  by  pronase  or  trypsin.   It  is  concluded 
that  the  organization  of  the  particulate  glycogen  and  the  enzymes  related 
with  glycogen  metabolism  in  E^.  histolytica  differ  from  their  mammalian 
counterparts. 
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5.      Respiratory  metabolism  of  Staphlococcus  aureus: 
Studies  of  the  oxidative  activities  associated  with  mesosomal  vesicles  and 
plasma  membranes  of  S^.  aureus  were  continued  with  the  collaboration  of  Dr.  T. 
Theodore.   The  cytochromes  and  oxidases  (terminal  and  comlete  sequence  of  the 
electron  transport  chain,  respectivity)  were  demonstrated  to  be  localized 
primarily  in  the  plasma  membranes.   Employing  lactate,  malate,  succinate  and 
glycerol-3-phosphate  as  respiratory  substrates,  the  dehydrogenase  activities 
of  plasma  membranes  were  found  to  be  2-9  times  greater  than  those  of  the 
mesosomal  vesicles.   In  terminating  these  studies,  it  is  concluded  that  the 
respiratory  chain  of  S.    aureus  is  associated  predominately  with  the  plasma 
membrane  fraction. 

B.   Mammalian  Studies 


I 


1.   Mitochondria:   In  collaboration  with  Prof.  L.  Ernster 
and  Dr.  B.D.  Nelson,  University  of  Stockholm,  a  study  was  conducted  on  the 
role  of  non-heme  iron  in  electron  transport  and  oxidative  phosphorylation. 
Using  submitochondrial  particles  derived  from  beef  heart,  the  effect  of  iron 
chelators  (thenoyltrifluoroacetone,  TTFA)  on  Sites  I  and  II  of  the  respiratory 
chain  was  determined  by  dual  wavelength  spectrophotometry.   The  data  indicated 
that  TTFA  either  inhibits  electron  transport  between  cytochrome  b  and  NAD,  or 
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acts  as  an  uncoupling  reagent.   Energization  of  the  mitochondrial  membrane  by 
addition  of  ATP  led  to  changes  in  the  spectral  characteristics  of  the  cyto- 
chromes.  Subsequent  addition  of  TTFA  inhibited  reduction  of  cytochrome  b 
and  induced  spectral  changes  in  other  respiratory  carriers.   It  was  established 
that  Site  I  was  more  sensitive  to  the  non-heme  iron  chelator  than  was  Site  II. 
Using  known  uncouplers  of  oxidative  phosphorylation  in  analogous  experiments, 
it  was  concluded  that  TTFA  inhibits  electron  transport  as  a  result  of  its 
uncoupling  ability.   Chelate  formation  between  TTFA  and  FeCl3  in  ethanol  was 
demonstrated  by  difference  spectrophotometry  and  showed  that  3  moles  of  TTFA 
chelates  1  mole  of  Fe.    Chelate  formation  in  mitochondria  also  was  demon- 
strated for  the  first  time.   Although  we  had  preliminary  information  that 
non-heme  iron  components  are  involved  in  oxidative  phosphorylation,  these 
studies  provide  new  and  cogent  evidence  bearing  on  the  role  of  metals  in 
energy  conservation  reactions  of  the  mammalian  respiratory  chain. 

2.   Energy  metabolism  in  human  platelets:   Continued 
studies  on  the  metabolism  of  human  platelets  in  collaboration  with  J.  Muenzer 
were  directed  primarily  on  the  role  of  non-heme  iron  in  energy  metabolism. 
It  was  found  that  the  basal  respiration  of  human  platelets  was  greatly 
stimulated  by  iron-chelators  and  by  bathophenanthroline,  the  specific  reagent 
for  iron  analysis.   Cyanide  and  antimycin  completely  inhibited  the  respiratory 
stimulation  by  these  reagents.   The  effects  are  striking  similar  to  release 
of  respiratory  control  by  uncouplers  of  oxidative  phosphorylation  in  isolated 
mitochondria.   These  findings  indicate  that  non-heme  iron  components  partici- 
pate in  respiratory  chain  phosphorylations  in  human  platelets,  presumably  at 
the  mitochondrial  locus. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute: 


This  investigation,  because  of  its  fundamental  nature  in  attempting  to 
elucidate  vital  biochemical  mechanisms  common  to  all  aerobic  cells,  has 
obvious  importance  for  biochemical  research  in  general.   This  is  shown  by  the 
numerous  collaborative  projects  in  which  we  have  participated  within  and 
without  the  NIH  during  the  past  years.   This  investigation  also  provides  a 
basis  for  understanding  bioenergetic  problems  associated  with  parasitism. 
Studies  of  energy  metabolism  in  parasites,  in  addition  to  their  intrinsic 
and  comparative  interest,  contribute  toward  a  more  rational  understanding 
of  the  host-parasite  relationship,  and  may  provide  information  for 
chemotherapeutic  exploitation. 


Proposed  Course  of  the  Project:   The  parasite  studies  will  be  continued 
with  emphasis  on  the  mechanisms  of  electron  transport  and  energy  conf;ervation 
in  cestodes.   Dual  wavelength  spectrophotometry  will  be  used  to  identify  and 
characterize  the  respiratory  pigments  of  tapeworm  mitochondria.   Biochemical 
studies  of  E.  histolytica  will  be  focused  on  membrane  biochemistry,  particu- 
larly in  regard  to  L-serine  metabolism.   If  sufficient  material  is  available, 
isolation  of  non-heme  iron  electron  carriers  will  be  attempted.   Our  collabor- 
ative investigation  of  the  respiratory  chain  of  Staphylococcus  aureus  will 
be  continued. 
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The  raanimalian   studies  will  be  continued  with  emphasis  on  the 
mechanism  of  action  of  uncoupling  reagents.   Our  studies  with  human  skeletal 
muscle  mitochondria  will  be  resumed,  and  studies  of  animal  cardiac  muscle 
cells  will  be  undertaken  with  Dr.  J.  Dvorak  and  Prof.  L.  Ernster  (who  will 
be  a  Fogarty  Scholar-in  Residence).   Investigation  of  the  energy  metabolism 
in  human  platelets,  as  well  as  the  work  with  cultured  human  fibroblasts  from 
patients  with  acute,  intermittent  porphria  has  been   terminated. 

Honors  and  Awards: 


E.  C.  Weinbach  was  invited  to  act  as  Chairman  of  a  session  on  Energy 
Coupling  at  the  Ninth  International  Congress  of  Biochemistry,  July  1-7, 
Stockholm,  Sweden. 


tn 


E.  C.  Weinbach  was  an  invited  participant  to  the  Symposium  on  Energy- 
Transducing  Membrane  Functions,  July  8-9,  Stockholm,  Sweden. 

Publications: 


I 


Weinbach,  E.  C,  and  Diamond,  L.  S. :   Entamoeba  histolytica: 
I.  Aerobic  ^tabolism.   Exp.  Paras  it.  35:   232-243,  1974. 

Kark,  R.  A.  P.,  Weinbach,  E.  C,  Blass,  J.  P.  and  Engel,  W.  K.  : 
Oxidative  metabolism  in  small  samples  of  normal  and  diseased  human  muscle. 
Clinical  Studies  in  Myology.   Part  2  of  the  Proceedings  of  the  Second 
International  Congress  on  Muscle  Diseases,  Perth,  Australia,  Excerpt  Medica, 
(B.  Kakulas,  editor)  98-107,  1971. 
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Project  Description: 

Objectives :   To  develop  and  utilize  biophysical  techniques  for  the 
study  of  parasitological  problems  of  medical  importance.   Although  major 
emphasis  is  still  being  directed  toward  a  better  understanding  of  the  host- 
parasite  interaction  resulting  in  Chagas'  disease,  the  techniques  developed 
with  this  program  are  also  being  utilized  in  a  study  of  the  penetration 
kinetics  of  erythrocytes  by  malaria  merozoites.   The  approach  is  two- fold: 
(1)  to  obtain  a  clearer  understanding  of  the  interaction  at  the  cellular 
and  subcellular  level  of  the  parasite  with  the  host  cell  and  (2)  to  relate 
this  information  to  what  is  observed  in  a  population  of  infected  cells  in 
vitro  and,  hopefully,  the  general  course  of  events  in  vivo. 

Methods  Employed: 

(1)   Jn  vitro  cultivation 

The  controlled-environment  culture  system  developed  with  this 
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f   program  is  used  routinely  to  maintain  ia.  vitro,  steady -state  physiologic 
conditions.   This  has  permitted  the  recording  of  previously  unobservable 
aspects  of  host-parasite  interactions  as  well  as  the  quantification,  of  the 
influence  of  diverse  physical  and/or  chemical  parameters  on  the  interaction. 

(2)   Electro-optical  microscopy 

Several  electro-optical  microscopy  systems  developed  with  this 
program  are  used  routinely  to  study  host-parasite  interactions  at  the  cellular 
and  subcellular  levels.   This  includes  high-resolution  low-light-level  video 
systems  for  qualitative  studies  as  well  as  video  intergrators  and  a  digital 
interferometer  for  quantitative  studies. 

Major  Findings: 

(1)   The  interaction  of  Trypanosoma  cruzi  with  vertebrate  cells  in 
vitro. 

(a)   Of  the  several  possible  approaches  to  the  control  or  eradication 
of  T.  cruzi  infections,  chemotherapy  has  received  the  most  attention. 
3-Me  thy 1-4- (5 ' -nitro fur f ury 1 idene -amino) -tetrahydro-4H-l , 4-th iaz  ine-1 , 1 -dioxide 
[Lampit],  has  been  reported  to  be  very  active  in  the  treatment  of  acute  Chagas' 
disease  and  is   in  extensive  clinical  use  in  some  areas.   However,  no  serious 
attempt  has  been  made  to  determine  either  the  general  mode  of  action  of  this 
compound  or  the  specific  stage  in  the  parasite's  life  cycle  which  may  be 
I  affected.   Previous  work  of  this  program  demonstrated  the  feasibility  of 
studying  the  effects  of  metabolic  inhibitors  on  the  life  cycle  of  T.  cruzi 
in  vitro.   The  same  basic  approach  is  being  used  to  study  the  effects  of 
Lampit  on  the  life  cycle  of  T.  cruzi. 

The  effects  of  Lampit  on  the  ability  of  trypomastigotes  to  penetrate 
vertebrate  cells  have  been  quantified.   The  cytotoxic  drug  level  for  bovine 
embryo  skeletal  muscle  host  cells  (BESM)  is  10"3  M.   From  10"'^  -  10"5  M, 
Lampit  significantly  inhibits  (by  60-80%)  but  does  not  stop  trypomastigotes 
from  penetrating  BESM  cells.   At  levels  of  10~"  -  10"^  M,  Lampit  has  no 
significant  effect  on  the  penetration  of  BESM  cells  by  trypomastigotes 
during  the  4-hour  time  course  of  the  experiments.   Qualitatively,  high 
concentrations  of  Lampit  (10"^  -  10   M)  decrease  the  motility  of  trypomas- 
tigotes.  It  is  not  yet  known  whether  the  effects  of  high  Lampit  levels  on 
trypomastigotes  is  reversible.   However,  the  most  likely  causes  for  the 
decreased  motility  are  (1)  inhibition  of  respiratory  function  of  the  parasite 
or  (2)  simply  a  disorganization  of  its  subpellicular  microtubules  as  would 
occur  in  the  presence  of  Colchicine  or  vinblastin,  etc. 
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The  reproduction  of  intracellular  amastigotes  is  inhibited  at  high 
Lampit  concentrations  but,  contrary  to  previous  reports,  the  parasites  are 
not  destroyed.   At  a  sustained  level  of  10"^  M  Lampit,  the  doubling  time 
of  the  Ernestina  strain  of  T.  cruzi  is  increased  to  about  56  hours  which  is 
400%  greater  than  its  normal  doubling  time  of  13.8  hours  at  35°C.   The 
length  of  the  lag  period  prior  to  reproduction  does  not  appear  to  be  affected, 
however. 
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It  should  be  noted  that  the  highest  drug  level  which  could  safely  be 
used  in  this   study  is  about  one  log  below   levels  reported  as  being 
trypanosidal  by  other  workers.   This  has  particular  physiologic  significance 
in  view  of  the  fact  that  high  serum  protein  levels  (107„)  are  present  in  the 
system.   Furthermore,  based  on  clinical  data  the  10"   M  level  of  Lampit 
corresponds,  theoretically,  to  the  upper  limit  which  could  be  attained 
in  man  using   recommended  dosages.   This  level  can  not  be  sustained  and 
often  results  in  toxic  side  effects. 

(b)   Recent  advances  in  support  equipment  for  the  control led- 
environment  culture  system  have  permitted  improved  gas  tension  control. 
Changes  in  gas  tension  can  now  be  made  rapidly  and  reproducibly. 
Preliminary  data  indicate  that  there  is  a  differential  sensitivity  to 
changes  in  gas  tension  between  vertebrate   cells  and  T.  cruzi  parasites. 
For  example,  when  infected  vertebrate  cells  are  subjected  to  lowered  O2 
tension,  pronounced  vacuolation  of  the  kinetoplast-mitochondrion  complex 
occurs.   This  effect  can  be  reversed  by  restoration  of  normal  O2  tensions. 
Host  cells  are  apparently  not  affected  by  equivalent  changes  in  O2  tension. 
Whether  this  change  in  the  amastigotes  is  due  to  decreased  O2  tension 
directly  or  a  result  of  the  accumulation  of  metabolites  (eg.  lactate)  is  not 
known. 
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(c)   Ultrastructural  analysis  of  selected  stages  of  the  interaction 
between  T.  cruzi  and  vertebrate  cells  is  in  progress.   Primary  emphasis  is 
directed  toward  an  underatanding  of  events  occurring  during  host  cell 
penetration  by  trypomastigotes  and  the  reorganization  of  trypom.a.stigotes 
to  amastigotes.   It  has  not  yet  been  definitely  established  that  T_.    cruzi 
actively  penetrates  host  cells.   However,  host  cell  membrane  can  not  be 
found  around  trypomastigotes  that  have  recently  penetrated  cells  or  at  any 
subsequent  stage.   Thus,  it  would  appear  that  if  penetration  is  a  passive 
process  on  the  part  of  the  parasite  (i.e. ,  endocytosis  by  the  host  cell) 
the  membrane  of  the  endocytotic  vesicle  is  rapidly  lost  or  destroyed. 
It  is  more   likely  that  the  parasites  are  never  host  cell  membrane  vesicle 
bound. 

The  transition  from  trypomastigote  to  amastigote  involves  several 
processes  all  apparently  occurring  simultaneously.   Most  marked  is  a 
geometric  and  morphologic  transformation  of  the  kinetoplast  which  correlates 
well  with  quantitative  data  on  changes  in  the  anisotropy  of  this  structure. 
Furthermore,  qualitative  changes  in  electron  density  support  previous  data 
that  there  is  no  significant  change  in  absolute  mass  of  the  parasite  during 
reorganization  but  the  mass  per  unit  volume  decreases. 


(2)   Malaria  studies 

It  had  been  previously  established  that  in  vitro  studies  of  the 
erythrocytic  stage  of  malaria  are  feasible.   However,  the  elucidation  and 
recording  of  certain  aspects  of  this  interaction  required  the  development  of 
new  electro-optical  systems.   Design  details  are  now  formalized  to  the 
point  where  a  reliable  low-light-level  video  system  capable  of  maintaining 
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f       high  spacial  frequencies  (high  optical  resolution)  can  be  used  routinely 
for  the  study  of  malaria  marozoite-erythrocyte  interactions .   It  has  been 
established  that: 

1.  The  rupture  of  a  schizont- infected  erythrocyte  is  preceded  by 
the  coalescence  of  pigment  in  the  residual  body,  swelling  of  the  erythrocyte 
(probably  due  to  an  ingress  of  water  and  sodium),  and  a  marked  distortion  of 
the  erythrocyte  caused  by  movement  of  the  marozoites  just  prior  to  rupture  of 
the  cell. 

2.  Free  merozoites  are  capable  of  intrinsic  motion. 

3.  Merozoite  penetration  of  erythrocytes  is  dependent  upon  the 
orientation  of  the  merozoite  with  respect  to  the  erythrocyte.  Penetration 
only  occurs  if  the  end  of  the  merozoite  containing  the  paired  organelles 
contacts  the  erythrocyte. 

4.  The  initial  contact  between  merozoite  and  erythrocyte  results  in 
marked  deformation  of  the  erythrocyte.   The  actual  process  of  penetration  is 
slo;j,  requiring  about  10  to  20  seconds. 

5.  Penetration  of  an  erythrocyte  by  a  merozoite  results  in  swelling 
of  the  erythrocyte  and  can  lead  to  lysis  of  the  erythrocyte. 

These  last  two  points  have  been  used  as  a  basis  to  generate  a  physical- 
I   chemical  model  to  describe  the  interaction  between  merozoites  and  erythrocytes. 

Significant  to  Biomedical  Research  and  the  Program  of  the  Institute: 

(1)  The  study  of  host-parasite  interactions  at  the  cellular  and 
subcellular  level  is  a  topic  of  critical  importance.   The  outco.-ne  of  this 
interaction  directly  influences  the  physiologic  state  and  survival  potential 
of  both  the  host  and  the  parasite. 

A  clearer  understanding  of  the  entire  interaction  has  significantly 
improved  the  probability  of  finding  biological  "pressure  points"  for  attempted 
interdiction  of  the  parasite's  cycle.   For  example,  interdiction  of  the 
penetration  phase  of  the  interaction  will  totally  interupt  the  natural  life 
cycle  of  the  parasite. 

The  general  applicability  of  this  research  approach  to  the  study  of 
other  human  infectious  diseases  has  been  demonstrated  by  our  ability  to 
utilize  our  techniques  in  the  analysis  of  the  interaction  of  several  protozoan 
parasites  with  vertebrate  cells.   The  wealth  of  comparative  information  which 
is  being  accumiiulated  should  be  of  considerable  value  in  the  understanding 
of  parasitic  diseases  in  general. 

(2)  The  methodology  and  research  philosophy  being  developed  are 
directly  applicable  to  other  areas  of  biomedical  research.   For  example, 
the  control led-environment  culture  system  developed  with  this  program  is 
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no«;  in  routine  use  in  laboratories  with  such  diverse  interests  as  oncology, 
immunology,  neurophysiology  and  morphogenesis.   The  video  systems  developed 
with  this  program  are  being  used  for  analysis  of  macroscopic  as  well  as 
microscopic  images  in  basic  research  and  diagnostic  clinical-medical  fields. 

Proposed  Course  of  the  Project:   Research  will  continue  in  an  attempt 
to  further  our  understanding  of  the  interaction  of  T.  cruzi  with  vertebrate 
cells  in  vitro  and  relate  this  information  to  the  course  of  Chagas'  disease 
in  nature.   Basic  information  obtained  with  the  controlled-environment 
culture  system  and  video  systems  will  be  utilized  in  more  co.nplex  in  vitro 
model  systems. 

The  basic  methodology  and  research  philosophy  developed  with  this 
program  will  be  used  for  the  analysis  of  other  host-parasite  interactions. 
Most  specifically,  studies  of  the  interaction  between  malaria  marozoites  and 
erythrocytes  will  be  continued  and  preliminary  work  on  an  in  vitro  model  for 
the  exoerythrocytic  stage  of  the  cycle  will  be  started. 

Honors  and  Awards: 
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An  invited  lecture  entitled:   "In  vitro  studies  of  the  interaction 
between  Trypanosoma  cruzi  and  vertebrate  cells"  was  presented  by  J.  A. 
Dvorak  at  the  University  of  Tennessee,  Knoxville  on  May  24,  1974. 

Invention:   A  controlled-environment  culture  chamber  for  high  resolu- 
tion light  microscopy.   Patent  issued  10  April  1973.   U.  S.  Patent  No. 
3,726,597. 

Publications : 

Miller,  L,  H.,  Dvorak,  J.  A.,  Shiroishi,  T. ,  and  Durocher,  J.: 
Influence  of   erythrocyte  membrane  components  on  malaria  merozoite  invasion. 
J.  Exp.  Med.  138:   1597  1601,  1973. 

Dvorak,  J.  A.  and  Hyde,  T.  P.:  Trypanosoma  cruzi:  Interaction  with 
vertebrate  cells  in  vitro.  I.  Individual  interactions  at  the  cellular  and 
subcellular  levies.   Exp.  Parasit.  34:   268-283,  1973. 

Hyde,  T.  P.  and  Dvorak,  J.   A.:   Trypanosoma  cruzi:   Interaction  with 
vertebrate  cells  in  vitro.   II.   Quantitative  analysis  of  ftie  penetration 
phase,   Exp.  Parasit.  34:   284-294,  1973. 

Luban,  N.  A.  and  Dvorak,  J.  A.:   Trypanosoma  cruzi:   Interaction  with 
vertebrate  cells  in  vitro.   III.   Selection  for  biological  characteristics 
following  intracellular  passage.   Exp.  Parasit.   (in  press). 

Dvorak,  J.  A.  and  Poore,  C.  M. :   Trypanosoma  cruzi:   Interaction  with 
vertebrate  cells  in  vitro.   TV.   Environmental  temperature  effects.   Exp. 
Parasit.   (in  press). 
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Dvorak,    J.    A.,    Schuette,    W.    H.    and   Whitehouse,    W,    C, :      A   simple  video 
method    for    the   quantification   of  microscopic   objects.      J.    Microscopy 
(in  press) . 
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1.  Parasitic   Diseases 

2.  Physiology   &  Biochemistry 

3.  Bethesda,    Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Terminal  Electron  Transport  in  Parasites 

Previous  Serial  Number:   None 

Principal  Investigator:   Dan  R.  Harlow 

Other  Investigators:   Eugene  C.  Weinbach,  Louis  S.  Diamond,  Guillermo 

Pacheco,  R.  Frederic  Knauft,  H.  G.  Sheffield  and 
F.  A.  Neva 

Cooperating  Units:   None 

Man  Years: 
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Project   Description: 

Objectives:      To  elucidate    the    fundamental   biochemical  mechanisms    of 
terminal  electron    transport  by  which  parasites    oxidize   reduced   compounds   under 
both  aerobic   and   anaerobic   conditions. 

Methods   Employed: 

(1)      Cestode  mitochondria.      Mitochondria  are    isolated    from 
adult  Humenolepis   diminuta.      The    life   cycle    is  maintained    in   the    laboratory 
using   Tenebrio  molitor  and   Tribolium     spp.    as    intermediate   hosts   and    Sprague- 
Dawley  rats   as   definitive   hosts.      Adult    tapeworms   are  harvested   at    17   days 
post-infection  by   flushing    from   the    intestine   and  washing    them  clean   of 
intestinal   contents  with  buffered   Krebs-Ringer   solution.      The   harvested 
tapeworms   are   homogenized   and   the  mitochondria    isolated   by   differential   and 
sucrose  density  gradient   centrifugation.      The  mitochondria   obtained   are  much 
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"cleaner"  than  heretofore  possible  starting  with  a  whole  helminth  homogenate. 
The  isolated  mitochondria  are  examined  by  low- temperature   spectroscopy  for 
presence  of  cytochromes  and  cytochrome- like  compounds. 

(2)  Amoeba  transhydrogenase.   Axenically-grown  Entamoeba 
histolytica  are  washed  in  buffered  saline  or  buffered  sucrose  (L.  S.  Diamond) 
and  examined  for  enzymatic  activity  either  as  intact  organisms  or  sonicated 
organisms. 

(3)  Filariid  oxidative  metabolism.   Microfilariae  of  Dirofilaria 
immitis  harvested  from  the  blood  of  infected  dogs  (Pacheco  and  Knauft)  are 
incubated  in  the  polarograph  (Clark  oxygen  electrode)  and  the  oxygen  removal 

is  measured.   Substrate  and  specific  inhibitor  effects  on  oxygen  removal  are 
noted. 


in 


Major  Findings: 

(1)  Cestode  mitochondria:   The  life  cycle  supply  system  is  now 
developed  to  the  point  of  reliably  producing  adult  H.  diminuta  tapeworms  in 
quantities  sufficient  for  the  mitochondrial  studies.   H.  diminuta  mitochondria 
were  isolated,  lyophilized  and  sent  to  Dr.  E.  C.  Weinbach  while  he  was  a  guest 
worker  in  Dr.  Lars  Ernster's  Laboratory  at  the  University  of  Stockholm  in 
1973.   The  mitochondria  were  assayed  for  cytochromes  there  using  the  Aminco 
DW-2  dual  wavelength  spectrophotometer.   Very  definite  absorbtions  were  seen 
in  the  cytochrome  b  region  confirming  the  principal  investigator's  previous 
studies  utilizing  less  precise  instrumentation.   Cytochrome  a  and  cytochrome 

c_  appear  to  be  present  in  smaller  amounts.   The  briefness  of  Dr.  Weinbach' s 
visit  prevented  complete  analysis  of  the  tapeworm  cytochromes  but  this  study 
will  soon  be  pursued  in  this  laboratory  utilizing  an  Aminco  DW-2  spectro- 
photometer being  purchased  this  year. 

(2)  Amoebal  transhydrogenase :   E..  histolytica,  while  eukaryotic, 
lacks  mitochondria  and  is  either  anaerobic  or  facultatively  anaerobic. 
Transhydrogenase  in  other  animal  cells  is  located  on  the  inner  mitochondrial 
membrane  and  thus  is  intimitely  associated  with  aerobic  metabolism.   Recent 
studies  with  the  mitochondrial  transhydrogenase  indicate  that  it  is  involved 
with  energy  conservation.  The  transhydrogenase  of  the  amoeba  responds  to 
palmitoyl-CoA  and  Ca  "^  in  a  way  similar  to  that  of  the  mitochondrial  enzyme 
and  is  thus  likely  also  to  be  involved  with  energy  conservation.   The  lack 

of  a  typical  aerobic  metabolism  and  the  presence  of  transhydrogenase  in  the 
amoeba  presents  the  following  enigmatic  situation:   the  mammalian  mito- 
chondrial transhydrogenase  is  involved  in  energy  conservation  and  is  always 
associated  with  a  typical  aerobic  metabolism;  the  amoebal  enzyme  also  is 
likely  to  be  involved  in  energy  conservation  but  is  associated  with  an 
anaerobic  or  facultative  anaerobic  metabolism.   Thus  the  amoeba  may  present 
a  novel  form  of  energy  conservation  differing  from  that  of  its  mammalian  host. 

In  collaboration  with  Dr.  H.  G.  Sheffield,  electron  microscopical 
studies  of  differential  centrifugation  fractions  of  homogenized  amoebae  have 
shown  enrichment  of  a  membranous  structure  in  the  particulate  fraction  con- 
taining the  highest  specific  activity  of  the  transhydrogenase  (110,000  X  g) . 
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Future  structural  studies  are  designed  to  determine  definitively  the 
structural  locus  of  the  enzyme. 

(3)   Filarial  oxidative  metabolism:   Progress  in  this  study  haa 
been  sloijed  by  Dr.  Pacheco's  tragic  illness  and  Dr.  Knauft's  departure  from 
the  laboratory.   Prior  to  Dr.  Knauft's  departure,  the  "groundwork"  of 
Dirofilaria  immitis  microf ilarial  oxidative  metabolism  was  completed.   The 
B.    imnitis  microfilaria  appears  to  be  a  typical  aerobe;  that  is,  glucose 
greatly  stimalates  oxygen  utilization  and  this  oxygen  uptake  is  abolished 
totally  by  KCN  as  well  as  other  standard  inhibitors  of  aerobic  electron 
transport.   This  finding  emphasizes  the  wide  variety  of  metabolic  patterns 
among  parasites,  ranging  from  anaerobic  to  aerobic  with  many  gradations 
between  the  two  extremes  reflecting  the  equally  wide  variety  of  ecological 
niches  occupied  by  parasites. 

Studies  of  human  Wuchereria  bancrofti  microfilariae  were 
initiated  with  parasites  supplied  by  Dr.  Neva  and  Al  Gam  from  Tongan  patients 
in  the  Clinical  Center.   Although  the  numbers  of  microfilariae  available  are 
small  compared  to  the  numbers  of  D.  imTiltis  microfilariae  obtained,  oxygen 
utilization  studies  have  been  initiated  and  cytochrome  identifications  should 
be  possible  using  the  new  dual  wavelength  spectrophotometer  soon  to  arrive 
in  the  laboratory. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  body  of  evidence  accumulated  on  parasite  biochemistry  indicates 
primarily  anaerobic  metabolism.   This  is  confused  by  the  general  observation 
that  these  parasites  will  utilize  oxygen  when  present.   The  presence  or 
absence  of  mammalian- type  cytochromes  is  not  yet  satisfactorily  established. 
Currently,  the  terminal  electron  transport  mechanisms  of  parasites  are  not 
known  -  thus,  whether  they  are  similar  to  or  different  from  the  mammalian 
host's  systems  also  is  not  known.   It  is  of  primary  importance  to  determine 
these  mechanisms  both  from  the  aspect  of  possible  chemotherapeutic  value  and 
the  aspect  of  intrinsic  scientific  merit. 

Proposed  Course  of  the  Project:    The  study  of  the  cytochromes  of  H. 
diminuta  can  proceed  at  a  faster  and  more  dependable  rate  with  the  arrival  of 

the  Aminco  spectrophotometer.   After  definitive  determinations  of  the  tape- 
worm cytochromes,  collaborative  studies  will  be  initiated  with  other  staff 
members  to  determine  cytochromes  of  the  various  other  parasites  now  available 

in  the  laboratory. 

It  is  expected  the  D.  immitis  microf ilarial  studies  will  be  extended 
by  Dr.  Knauft's  contributing  some   "volunteer"  evening  time  for  collecting 
microfilariae  starting  in  mid-summer.   The  recently  initiated  W.  bancrofti 
studies  will  be  dependent  upon  the  numbers  of  microfilariae  available. 

The  amoebal  transhydrogenase  study  has  been  the  especially  rewarding 
during  the  past  year  since  it  coincided  with  a  heightened  interest  in 
mitochondrial  transhydrogenase  caused  by  recent  studies  into  its  energy 
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conservation  aspects.   It  is  hoped  that  the  amoeba  study  can  contribute  to 
the  understanding  of  the  transhydrogenase  reaction.   The  first  published 
report  on  the  amosbal  work  is  now  ready  for  submission  to  the  journal. 
Future  studies  on  the  amoebal  transhydrogenase  will  include  aspects  of 
energy  metabolism  in  the  amoeba. 
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Individual    Project  Report 
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Project  Title:      Studies    on  Toxoplasmosis 

Previous    Serial   Number:      Same 

Principle    Investigator:      Harley  G.    Sheffield 

Other    Investigators:      Marjorie   L.    Melton 
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Man  Years : 


Hi 


i 


P 

J 


NIAID 

Other  NIH 

Guest 

Lab. 

Personnel 

Worker 

Staff 

Assigned    to 
Proiect 

Total 


Total 

18/12 

18/12 

Professional 

18/12 

18/12 

Other 

Project  Description: 

Objectives :      The    study   of   Toxoplasma  gondii   infections    in  cats    to 
compare  with   the   course   of   the  disease    in  man;    to  determine    the   stages 
and   sites   of  development   of   the   parasite    in   the   cat;    to   study  development 
of   immunity    in  cats   and    its   relationship   to   the   epidemiology   of   toxoplasmosis 
in     man;    to  determine    the   nature    of  oocyst    infections    in  man  and   animals. 

Methods   Employed:      Cats   are    infected  by    feeding    them  cysts    in  mouse 
brain  or   oocysts    isolated    from  feces    of   infected   cats   by   sucrose    flotation. 
Infectivity   of  concentrated   oocysts    in  determined   by    feeding    them   to  mice   and 
subsequently   checking    for   organisms    or  anti-toxoplasma   antibodies.      Tissues 
from  infected   animals   are  used   for  histological    or  ultrastructural   studies. 
Cultured   cells   are  used    for   in  vitro   studies   of  development  of   sporozoites 
which  have   been  artificially  excysted    from  oocysts   and    inoculated    into 
cultures.      In  vitro  studies  are   also  used    to   study    the   effects    of   selected 
drugs   on   the   parasites. 
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Production  of  sexual  stages  of  various  coccidia  in  vitro  has  been 
unsuccessful  except  in  cases  where  merozoites  were  removed  from  the  host 
and  inoculated  into  cell  cultures.   In  an  attempt  to  produce  sexual  stages 
of  T.  gondii  cats  were  infected  and  portions  of  the  intestine  removed  then 
incubated   in  culture  medium.   Merozoites  freed  from  intestinal  cells  were 
collected  from  the  medium  and  inoculated  into  cultures  of  several  cell  types. 
The  negative  results  of  this  preliminary  experiment  were  probably  due  to  a 
very  low  yield  of  merozoites.   Further  studies  are  in  progress. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  identification  of  the  cat  as  the  natural  host  for  T.  gondii 
provides  a  new  insight  into  the  epidemiology  of  toxoplasmosis  and  could 
explain  the  wide-spread  existence  of  ant i- toxoplasma  antibodies  in  man 
and  animals.   In  addition,  the  linking  of  T.  gondii,  whose  classification 
has  been  uncertain  for  many  years,  to  the  coccidia  provides  the  investigator 
with  many  model  systems  which  could  be  used  for  comparison  purposes  in  the 
study  of  toxoplasmosis  in  normal  and  abnormal  hosts.   The  cat's  role  as  a 
reservoir  animal  may  be  significant  in  the  cosmopolitan  distribution  of  the 
disease.   Information  on  the  immunological  aspects  of  the  disease  in  cats 
would  show  the  possibility  of  reinfection  and  may  provide  new  leads  relative 
to  the  cat  being  an  important  reservoir  of  the  organism.   Further  elucidation 
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Major  Findings:      Studies   on   immunity   to  T.    gondii   in  cats   in   its 
relationship   to  oocyst-producing   reinfection  have   been  continued.      Partial 
to  complete    immunity   to  an  oocyst-producing  develops      after   initial    infection 
and   persists    for  an   indefinite   period.      Of  40  cats      studied,    12   produced 
oocysts  upon  reinfection.      Eleven  of   these   12  cats  were   initially   infected 
with   strains   of  T.    gondii  which  normally  do  not  produce    oocysts.      These 
results   suggest   that   oocyst   production   in   the    initial    infection   stimulates 
resistance   to  challenge   at   the    intestinal   level. 
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Two  antibiotics,  monensin  and  lasolacid,  and  a  combination  of 
ormetaprim  and  sulfamethoxime  have  been  tested  in  vitro  against  T.  gondii 
for  comparison  with  earlier  studies  using  pyrimethamine  and  sulfadiazine. 
The  combination  had  effects  similar  to  those  seen  with  pyrimethamine  and 
sulfadiazine.   Monensin  and,  to  a  lesser  extend,  lasolacid  inhibited 
penetration  of  cultured  cells  by  T.  gondii.   Both  compounds   inhibited 
division  of  the  parasites  when  added  after  penetration  had  occurred. 

Additional  studies  on  WC-1170,  a  Sarcocvstis-like  organism  have  been 
carried  out  in  vitro.   No  recognizable  differences  have  been  noted  between 
WC-1170  and  T.  gondii  regarding  their  development  in  cultured  cells. 
Infected  cultures  were  examined  by  electron  microscopy  and  one  structural 
difference  was  seen  (See  125-1) .   Since  schizogony  has  only  been  found  in 
epithelial  cells  of  cat  intestine  attempts  have  been  made  to  reproduce  the 
in  vivo  findings  using  primary  cat  intestinal  cells  in  vitro.   No 
recognizable  schizonts  have  been  identified  nor  have  any  sexual  stages  been 
seen  in  cultures  infected  with  either  T.  gondii  or  WC-1170. 
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of  the  various  stages  of  the  life  cycle  in  the  cat  would  contribute  to  a 
better  understanding  of  the  disease  in  man.   Basic  information  on  the  biology 
of  the  organism  and  relationship  to  other  protozoa  could  give  some  explanation 
for  the  parasite's  unusual  lack  of  host  specificity  and  unique  means  of 
multiplication. 

Proposed  Course  of  Project:   Cultivation  of  T.  gondii  in  vitro  will 
be  continued,   Miltiplication  of  the  organism  under  various  normal  and 
abnormal  conditions  will  be  studied  in  attempts  to  determine  why  the  parasite 
divides  by  schizogony  in  cat  intestine  but  by  endodyogeny  in  other  cell  types. 
The  immunological   aspects  of  the  disease  in  the  cat  will  be  examined  to 
supplement  existing  data  on  the  importance  of  cats  as  reservoir  hosts. 
Studies  on  related  organisms  will  be  continued  for  comparative  purposed  and 
to  examine  the  possibility  that  other  coccidia  would  be  infective  for  man. 

Honors  and  Awards: 

Editor,  Proceedings  of  the  Helminthological  Cociety  of  Washington 

Consultant,  Journal  of  Parasitology 

Member,  Meeting  Site  Selection  Committee,  American  Society  of 
Parasitologists. 

Representative  to  National  Research  Council,  National  Academy  of 
Sciences  for  Society  of  Protozoology. 

Cochairman,  Section  on  Life  Cycles  of  Coccidia,  Toxoplasmidae  and 
Sarcocystidae,  Third  International  Congress  of  Parasitology,  Munich,  1974. 
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Serial  No.    NIAID   125-B 

1.  Parasitic  Diseases 

2.  Cell  Biology  and  Immunology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual   Project  Report 
July    1,    1973   through   June   30,    1974 

Project   Title:       In-vitro  cultivation   of  Coccidia 

Previous    Serial   Number:      Same 

Principal    Investigator:      Franklin  A.   Neva 

Other    Investigators:      Mil ford   Lunde 

Cooperating   Units:      None 

Man  Years: 


I 


NIAID 

Other  NIH 

Guest 

Lab. 

Personnel 

Workers 

Staff 

Assigned    to 
Proiect 

Total 


Total 

2/12 

2/12 

Professional 

2/12 

2/12 

Other 

Project  Description: 

Objectives :      Since   Toxoplasma  gondii  has   recently  been   found    to  be  a 
coccidian   type   parasite    it    seems   appropriate    to  consider   the   potential   of 
other  coccidia   as  human   pathogens. 

Assessment   of   the   pathogenicity   of   other  coccidia    for  man   is   parti- 
cularly needed    since   practical    serologic    tests    to   indie  te    infection  with 
these   organisms   are  virtually  non-existant.      Therefore,    if  various   coccidia 
could  be   easily  cultivated    in-vitro   such  a   system  might   provide  antigens   for 
serologic    tests   or   a   system   for  assay   of  antibody  against   the   organism.      In 
addition,    basic    information  about    the   biologic   behavior   of   these    organsims 
might  be   gained   by    their   study  under  conditions    of   in-vitro  cultivation   in 
cell   cultures. 

Methods   Employed:      Standard  methods   of  cell   culture  with   primary  as 
well   as   cell-line   cultures   are   used.       Inoculated   cultures   are   observed 
directly   for  evidences   of   parasite   growth  and   cultures   or  material    from 
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harvested    fluids  are    fixed  and    stained.      Oocysts   of    Isospora   canis  were   kindly 
provided  by  Dr.    Kenneth   Todd   of    the   University   of    Illinois.      Dr.    Gordon 
Wallace   of   Pacific   Research   Section  provided    oocysts   of   the  murine    Sarcocystis 
strain  WC1170.      Oocysts  are   permitted   to   sporulate   and   excysted  with    the    same 
techniques  as   has   been  used   for   Toxoplasma.      Animals  are    inoculated   and 
tissues  are   obtained   for  histologic    study   by   standard    techniques. 
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Major   Findings:      1.      All     work  was   restricted    to   the    Sarcocystis-like 
organism,    strain  WC-1170,    discovered   by  Dr.    Gordon  Wallace    of   the    Pacific 
Research   Station.      Dr.    Gerald  Aronheim,    a  guest  worker  was   able    to      infect 
cats   by   feeding   them   infected  mouse    tissues,      and    to   recover   the    toxoplasma- 
like   oocysts   from   infected   cat    feces.      Repeated  attempts    to  grow   the   WC-1170 
organism   in  cell   cultures  gave   only  abortive    infections,   which  died   out  within 
4-6  weeks.      Mice    inoculated  with   oocysts   or  excysted    sporozoites    show   only 
scanty  and    irregular   presence    of  cystic    organisms    in   the  muscles   and    in   only 
about  half   of   the    inovulated  mice   can   low   levels   of   Toxoplasma   dye-test 
antibody  be   demonstrated. 

2.      In  attempts    to  propagate    the   WC-1170   organism 
in  cell      cultures,    some   of   the   passage-line   cells   exhibited   a   change    in 
morphology  and   appear   to  have   undergone    transformation.      The    transformation 
phenomenon,    for   WI-38  cells,    shows   preliminary  evidence    of  being    transmissible 
by  cell-free  materials,    but  alternative   explanations    for   this   cannot  yet   be 
excluded. 

Significance    to  Biomedical   Research  and    the    Program  of   the    Institute. 

The   possibilities   of     being   able    to  prepare   convenient  antigens  with 
the   coccidial   agents    tested   so   far    in   infected   cell    cultures   does  not   appear 
promising.      Dr.    Aronheim,    the   guest  worker   on   this   project,    hopes    to  pursue 
some  aspects   of   the  work  on  return   to  Duke   University--he  wanted   specifically 
to   look   for  evidence   of  an  anti-coccidial    interferon   in  cultures    that    fail 
to   support  growth   of   the   WC-1170   organism   in-vitro. 


Proposed   Course   of   the    Project:      We  will   confine    our   interest    in 
trying   to   establish  whether   the   "transformed   cells"   arising    in   the   course 
of   these   experiments   contain  a  cell-free    transmissible    factor. 
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Serial  No.  NIATD,  125-C 

1.  Parasitic  Diseases 

2.  Cell  Biology  and  Immunology 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:   The  Isolation  of  Circulating  Antigen  in  Experimental 
Mammalian  Toxoplasma  Infection 

Previous  Serial  Number:   None 

Principal  Investigator:   Dr.  Richard  Raizman 

Other  Investigators:   Dr.  Franklin  A.  Neva 

Cooperating  Units:   None 

Man  Years: 


I 


NIAID 

Other  NIH 

Guest 

Lab.  Staff 

Personnel 
Assigned  to 
Project 

Worker 

Total 


Total 

12/12 

12/12 

Professional 

12/12 

12/12 

Other 

Project  Description: 

Objectives :   Because  of  the  limitation  of  antibody  tests  to  document 
acute  Toxoplasma  infection,  this  study  was  undertaken  to  determine  whether 
an  antigen  marker  might  be  present  in  the  sera  of  animals  acutely  infected 
with  Toxoplasma  gondii . 

Methods  Employed:   Mice  and  rabbits  infected  with  Rjj  strain  Toxoplasma 
were  bled  at  various  times  during  the  course  of  acute  Toxoplasma  infection. 
Sera  from  these  animals  were  examined  for  the  presence  of  antigen  by 
1)   countercurrent  Immunoelectrophoresis  (C.E.P.);   2)   Agar-gel  double 
diffusion  (A.G.D. D. );  and  in  the  rabbit  only;  3)   affinity  chromatography, 
using  CNBr-activated  sepharose.   Blood  was  simultaneously  subinoculated  into 
mice  for  determination  of  parasitemia. 
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Major  Findings:   In  mice,  who  uniformly  die  within  four  days  of 
intraperitoneal  inoculation  with  R^  Toxoplasma,  circulating  antigen  could  be 
identified  by  C.E.P.  and  A.G.D.D. ,  on  days  2,  3,  and  4  of  infection. 
Parasitemia  was  also  present  during  days  2,  3,  and  4  but  no  organisms  were 
visible  on  microscopic  examination  of  blood  smears. 

Characteristics  of  mouse -obtained  circulating  antigen  include 
stability  at  37°,  but  not  at  56°;  stability  to  freezing  and  lyophilization; 
molecular  weight  >  100,000  by  Amicon  filtration;  and  elution  in  the  void 
volume  of  sephadex  G-200  column. 

In  rabbits,  who  die  within  eight  days  of  sub-cutaneous  R^  Toxoplasma 
inoculation,  circulating  antigen  is  not  detected,  in  most  cases,  by  C.E.P. 
or  A.G.D.D.   Affinity  chromatography,  however,  allows  isolation  of 
circulating  antigen  on  days  seven  and  eight  of  infection,  during  which  time 
parasitemia  is  evident  by  mouse  subinoculation,  but  not  on  microscopic 
examination  of  blood. 
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The  rabbit  and  mouse  circulating  antigen  form  lines  of  identity  with 
reference  mouse  Toxoplasma  peritoneal  exudate  antigens,  but  do  not  show 
identity  with  normal  mouse  or  normal  rabbit  sera. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

That  a  serologic  marker  does  exist  in  acute  experimental  Toxoplasma 
infection  has  the  possibility  of  eventually  providing  an  antigen  test  for 
Toxoplasma  in  humans.   Since  the  current  antibody  tests  confirm  only 
previous  exposure  to  Toxoplasma,  but  not  necessarily  activity  of  the  disease, 
an  antigen  test  would  more  accurately  define  the  acute  stage  of  infection  in 
humans . 

Proposed  Course  of  the  Project:   With  purified  antigen  obtained  from 
affinity  chromatography  of  infected  rabbit  sera,  a  more  specific  hyperimmune 
antisera  will  be  employed  for  further  specificity.   Eventually,  a  more 
sensitive  radio-immune  assay  will  be  attempted  for  identification  of  antigen 
from  presumed  active  human  toxoplasmosis. 
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Serial   No.    NIAID  125-D 

1.  Parasitic  Diseases 

2.  Cell  Biology  and  Immunology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual    Project  Report 
July   1,    1973   through   June    30,    1974 

Project   Title:      Pathogenesis   of   Disease    (Chagas'    Disease)    Resulting   from 
Infection  with  Trypanosoma  cruzi 

Previous    Serial   Number:      132-0 

Principal    Investigator:      Franklin  A.    Neva 

Other    Investigators:      Dr.    Gustavo   Parajon   of  Hospital    Baustista    in 

Managua,    Nicaragua 

Cooperating  Units:      None 

Man  Years: 


I 


NIAID 

Other  NIH 

Guest 

Lab. 

Personnel 

Worker 

Staff 

Assigned  to 
Proiect 

Total 


Total 

10/12 

10/12 

Professional 

1/12 

1/12 

Other 

9/12 

9/12 

Project  Description: 

Objectives :      To  elucidate    some   of   the    factors    that  determine  why 
infection  with   T.    cruzi    is   associated    in   some    individuals  with  either  acute 
or   chronic   disease.      To  develop    improved   serologic   procedures    for  diagnosis 
of   infection     and/ or  disease  due    to  T.    cruzi. 

Methods   Employed:      A  number   of   strains   of   trypanosomes  are  maintained 
in  culture,    others   by   syringe   passage,    and    some   are  maintained    in   serial 
passage   alternating   between  mice   and  vector   bugs.      The   biologic   character- 
istics  of      strains  kept    in  mouse-bug   passage   are   also   tested  at    intervals 
by  checking   peripheral   parasitemia  and   histopathology   of  mice.      Colonies 
of   two   species   of   triatomid   bugs   are  maintained.      One   strain   of  T.    cruzi 
is  passaged      in  cell   cultures   of  embryonic   beef   tissue,    and   tissue   phases 
of   the   parasite    (mainly  amastigotes  and    trypomastigotes)    are  harvested    for 
antigen.      Complement-fixation  and   gel-diffusion   tests    for  detection   of 
antigen-antibody   reactions   are   done    in  a   standard  manner.      Antisera    to 
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different  T.  cruzi  antigen  preparations  are  obtained  by  immunization  of 
animals  and  by  collection  from  patients.   Follow-up  examinations  of  patients 
surveyed  earlier  in  the  field  have  been  conducted  by  Dr.  Parajon  for  clinical 
evaluation  and  diagnosis  of  their  eardiac  status. 

Major  Findings: 

1.  Field  study  in  Nicaragua.   Dr.  Neva  went  to  Nicaragua  in  the  fall 
of  1973  to  meet  with  Dr.  Parajon  for  a  final  clinical  evaluation  of  the 
heart  disease  cases.   All  of  the  information  is  now  at  hand  to  write  up  our 
experience  in  community  assessment  of  relative  prevalence  of  Chagas'  heart 
disease  and  the  serologic  survey  for  T.  cruzi  infection  in  Nicaragua. 

2.  T.  cruzi  antigen  from  infected  cell  cultures:   Our  work  on  the 
experience  with  the  CF  antigen  from  infected  cell  cultures   is  in  preparation 
for  publication.   Studies  with  the  cell  culture  antigen  ii  gel  diffusion  tests 
have  been  temporarily  halted  because  of  the  press  of  other  work  but  will  be 
resumed  shortly. 


cruzi:   Preparation 


3.   Comparative  behavior  of  different  strains  of  T. 
of  manuscripts  of  this  work  still  has  not  been  completed. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 

Our  experience  in  community  assessment  of  prevalence  of  Chagas'  heart 
disease  in  Nicaragua  has  been  described  in  verbal  reports  to  others  and  is 
being  utilized  by  the  Harvard -Wellcome  group  in  Brazil.   The  Pan  American 
Health  Organization  has  expressed  interest  in  supporting  similar  studies  in 
other  areas  of  Latin  America.   The  information  on  comparative  behavior  of 
different  strains  of  T.  cruzi  and  biologic  differences  between  infective  stages 
from  bugs  vs.  cultures  continues   to  be  utilized  and  made  available  to  other 
investigators  in  LPD  even  though  it  has  not  been  published.   The  comparative 
usefulness  of  the  cell  culture  antigens  of  T.  cruzi  in  serodiagnosis  are  still 
being  evaluated. 

Proposed  Course  of  the  Project:   Much  of  the  work  simply  awaits 
preparation  into  manuscript  form  and  submission  for  publication.   Gel-diffusion 
studies  with  the  cell  culture  antigen  will  be  resumed  when  time  permits.   The 
possibility  of  carrying  out  a  serologic  survey  for  T.  cruzi  infection  with 
sera  already  collected  by  others  in  Texas  is  being  explored. 

Neva,  F.  A.   American  Trypanosomiasis  in  Diseases  Transmitted  from 
Animals  to  Man.   6th  Ed,  Edited  by  Hubbert,  W.  T. ,  McCulloch,  W.  F, ,  and 
Schnurrenberger,  P.  R.   Publisher,  Charles  C.  Thomas,  1974. 
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1.  Parasitic  Diseases 

2.  Cell  Biology  and  Immunology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual    Project  Report 
July    1,    1973   through   June    30,    1974 

Project  Title:      Electron  Microscope   Studies   on   Parasites 

Previous   Serial  Number:      Same 

Principal   Investigator:      Harley  G.    Sheffield 

Other   Investigators:      None 

Cooperating  Units:      Animal    Parasitology    Institute,   ARS-USDA,    Beltsville, 

Maryland 

Man  Years: 


I 


NIAID 

Other  NIH 

Guest 

Lab. 

Personnel 

Worker 

Staff 

Assigned  to 
Proiect 

Total 


Total 

18/12 

18/12 

Professional 

6/12 

6/12 

Other 

12/12 

12/12 

Project  Description: 

Objectives :   To  determine  the  fine  structure  of  various  parasites  in 
relation  to  their  taxonomy,  life   cycles,  reproduction  and  other  physiological 
functions. 

Methods  Employed:   Parasites  are  obtained  from  their  host  animals  or 
culture  at  the  developmental  stage  desired  or  after  appropriate  experimental 
procedures.   The  parasite  tissue  is  processed,  sectioned  and  then  studied 
with  the  electron  microscope  and/or  cytochemical  methods. 

Major  Findings:   Sporozoite  structure.   Studies  using  \Hrious  species 
of  coccidia  are  being  conducted  to  determine  to  comparative  ultrastructure 
of  their  respective  sporozoites.   Sporozoites  of  Toxoplasma  gondii,  WC-1170 
a  Sarcocvstis-like  organism  (see  125-A),  Isospora  canis,  and  Sarcocystis 
fusiformis  have  been  examined.   Characteristic  organelles  such  as  the  conoid, 
rhoptries,  micronemes,  a  two-membrane  pellicle  with  underlying  microtubules, 
micropore  and  typical  protozoan  mitochondria  were  identified.   In  addition. 
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globular  structures  believed  to  be  storage  material  were  present  in  all 
sporozoites  except  those  of  T.  gondii.   This  finding  could  be  significant 
since  T,  gondii,  which  has  a  different  type  storage  granule,  is  apparently 
more  pathogenic  and  has  a  wider  host  range.   In  conjunction  with  the  sporo- 
zoite  study,  oocyst  and  sporocyst  walls  are  being  examined  to  determine  their 
structure,  origin  and  mechanism  of  rupture. 

In  vitro  study  of  WC-1170  organisms  has  been  expanded  to  include 
ultrastructural  examination  of  developing  organisms  for  comparison  with  T. 
gondii.   Although  penetration  and  division  rates  have  not  been  determined 
the  growth  pattern  and  ultrastructure  of  WC-1170  infecting  monkey  kidney 
cells  are  consistent  with  those  of  T.  gondii.   One  exception  is  the  presence 
of  storage  material  (see  above)   in  the  WC-1170  organisms.   The  material  is 
abundant  in  the  invading  parasites  but  disappears  within  24  to  48  hours  after 
cell  invasion. 
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Studies  in  collaboration  with  Dr.  Ronald  Payer,  Animal  Parasitology 
Institute,  ARS-USDA,  Beltsville,  Maryland,  are  being  continued.   Oocyst 
stages  of  Sarcocystis  fusiformis  have  been  identified  in  the  intestinal  tract 
of  experimentally  infected  dogs.   Younger  stages,  perhaps  gametocytes,  have 
also  been  found  and  are  being   studied.   Further  work  is  necessary  to  deter- 
mine the  developmental  cycle  of  the  sexual   stages.   Such  information  is 
important  in  understanding  the  role  of  the  dog  in  transmission  of  Sarcocystis 
to  cattle  and  potentially  to  man. 

Cysts  of  Giardia  Iambi ia,  a  human  intestinal  flagellate,  have  been 
collected  and  concentrated  for  electron  microscope  studies  by  Dr.  Bjorvatn 
(see      ).   The  cysts  are  enclosed  by  a  thick  cyst  wall  and  contain  a 
somewhat  undifferentiated  cytoplasir:.   Prominent  features  include  4  nuclei, 
8  basal  bodies  and  their  associated  flagella  and  a  peripheral  zone  of  vesicles. 
Scattered  in  whorls  are  numerous  rod-like  structures  which  are  believed  to  be 
precursors  of  the  sucking  disk  found  in  the  trophozoite  form.   Studies  are 
being  continued  to  determine  the  cytoplasmic  changes  occurring  during  the 
trophozoite-cyst  portion  of  the  life  cycle. 

Assistance  has  been  provided  for  ultrastructural  examination  of 
parasites  and  pathological  tissues  of  snails  (see  121-0.   Assay  of  various 
fractions  of  biochemical  preparations  of  Entamoeba  histolytica  has  also  been 
carried  out  (see  123-C  and  123- F), 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 

Continued  investigation  of  the  similarities  between  Toxoplasma  gondii 
and  other  coccidia  provides  new  leads  to  the  study  of  the  biology  and 
epidemiology  of  the  former.   Study  of  the  differences  of  developmant  in  the 
natural  host  compared  to  that  in  man  and  other  animals  could  provide  insight 
into  the  mechanism  of  host  specificity  in  this  parasite.   Study  of  related 
organisms  will  provide  additional  information  which  could  allow  a  better 
understanding  of  the  structure  of  T.  gondii  and  its  relation  to  the  functioning 
of  the  organism. 
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Proposed  Course  of  the  Project:   Studies  on  the  endogenous  stages  of 
T.  gondii  in  the  cat  intestine  under  normal  and  experimental  conditions  will 
be  continued.   Development  will  also  be  studied  in  vitro  as  techniques  permit. 
Mechanisms  of  penetration  will  be  studied  and  supplemented  with  information 
obtained  using  other  parasites.   Other  toxoplasma- like  organisms  will  be 
studied  as  material  is  available  and  compared  with  existing  data.   Studies  of 
the  cyst  of  Giardia  lamb 1 ia  and  its  formation  will  be  continued  to  provide 
information  of  the  role  of  the  organism  as  a  human  pathogen.   A  portion  of 
the  time  will  be  used  to  provide  other  investigators  with  electron  micro- 
scopic assistance  when  their  needs  arise. 
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1.  Parasitic  Diseases 

2.  Parasite  Growth  and 

Differentiation 

3.  Bethesda,    Maryland 


I 


PHS-NIH 
Individual    Project   Report 
July    1,    1973   through   June    30,    1974 

Project  Title:      Amebiasis   studies    in    India 

Previous    Serial   Number:      Same 

Principal    Investigator:      Louis   S.    Diamond 

Other   Investigators:      Milford  N.    Lunde 

Cooperating  Units:      Dr.    L.    N.    Mohapatra,    All-India    Institute   of  Medical 

Sciences,    New  Delhi,    India    (PL  480   Project  Agreement 
No.    01066-1). 

Man  Years: 


\ 


NIAID 

Other  NIH 

Guest 

Lab. 

Personnel 

Workers 

Staff 

Assigned  to 
Proiect 

Total 


Total 

2/12 

2/12 

Professional 

2/12 

2/12 

Other 

Project   Description: 

Objectives :      To  evaluate   an   intradermal    test    for   screening    of  amebic 
infections   using   an  antigen  produced    from  axenically   cultivated   Entamoeba 
histolytica ;    to   isolate   strains   of  Entamoeba    from   the    indigenous    population 
by  means   of   in  vitro   techniques   and    to   screen    them   for   presence   of   E^. 
histolytica- like      Laredo   type   amebae ;    to   study   the    pathophysiology   of  clinical 
manifestations   of  chronic    intestinal   amebiasis   and   amebic   hepatitis;    to   inves- 
tigate   the   possible   relationship  between  amebic    infection  and  non-specific 
ulcerative   colitis. 

>fethods   Employed:      Clinical  and    parasitological   evaluations  using 
classical    techniques.      Serological    tests  using   intradermal    inoculation, 
indirect  hemagglutination,    agar-gel,    counter   current    Immunoelectrophoresis. 
Stool,    liver  and   pleural   exudate   culture.      Histopathologic    study   using    light. 
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phase  and  electron  microscopy. 


Major  Findings:   The  skin  test  antigen  Histolyticin  has  been  titrated 
in  two  groups  of  human  subjects:   a)   Healthy  individuals-controls, 
b)  individuals  with  proven  clinical  and  parasitological  diagnosis  of  invasive 
amebiasis  (i.e.,  liver  abscess  or  acute  dysentery).   Doses  of  0.25,  0.5,  1.0, 
2.0,  4.0,  6.0  and  8.0  ug  amebic  protein  were  assayed,  and  in  as  far  as 
possible  administered  to  the  same  individual.   Briefly,  the  results  were  as 
follows:   In  healthy  controls,  doses  of  0.25  and  0.5  ug  of  Histolyticin  gave 
uniformly  negative  results.   With  increasing  doses  of  1.0  to  6.0  ug  false 
positives  increased  from  3.6  to  10.47o.   In  invasive  amebiasis,  no  positives 
were  identified  at  dose  levels  of  0.25  and  0.5  ug,  and  no  more  than  38% 
positives  were  detected  with  the  2.0  ug  dose.   In  contrast  doses  of  4.0  to 
8.0  ug  identified  more  than  687o  of  the  positives,  with  the  6.0  ug  dose 
picking  up  more  positives  than  the  4.0  ug  dose.   There  was  no  difference 
between  the  number  of  positives  picked  up  by  the  6.0  and  8.0  ug  dose. 


In  general  there  was  a  rough  correlation  of  807o  between  the  skin  test 
and  IHA  results. 

Tonicity  and  temperature   studies  performed  on  20  culture  isolates 
failed  to  uncover  any  E.  histolytica- like  Laredo  type  amebae  in  the  samples. 

Liver  biopsies  from  6  patients  with  non-supperative  hepatic  amebiasis 
(amebic  hepatitis)  (IKA-Pos.)  and  one  healthy  subject  (IHA-Neg.)  were  studied 
by  electron  microscopy.   Electron  microscopy  revealed  the  presence  of  diffuse 
hepatocellular  injury  whereas  light  microscopy  did  not  show  evidence  of 
hepatitis-  in  non-suppurative  hepatic  amebiasis.   Mitochondria  and  the 
endoplasmic  reticulum  were  the  targets  of  organelle  pathology. 
Paracrystalline,  filamentous,  and  tubular  inclusion  bodies  were  observed  in 
the  matrices  of  large  and  bizarre  shaped  mitochondria  in  5  of  the  6  patients. 
The  endoplasmic  reticulum  was  dilated  and  hypertrophied  in  all.   No  amebae 
or  virus  associated  with  amebae  were  observed  in  the  liver  biopsy  specimens. 

In  order  to  determine  the  relationship  of  amebic  infection  and  non- 
specific ulcerative  colitis  three  parameters  were  employed.   1).   Three 
stool  samples  were  examined  using  classical  techniques,  2)  the  response  to 
anti-amebic  treatment  and  3)  the  indirect  haemagglutination  test  and  the 
intradermal  test. 


Twenty  cases  who  were  diagnosed  non-specific  ulcerative  colitis  on 
established  criteria  were  studied.   In  none  of  these  cases   could  E. 
histolytica  be  demonstrated  in  spite  of  three  consecutive  stool  examinations. 
In  19  individuals  the  stool  did  not  reveal  any  intestinal  parasites  and  in 
only  one  case  cysts  of  E.  hartmanni  and  Giardia  lamblia  and  ova  of 
Trichuris  trichura  were  present.   The  anti-amebic  treatment  given  to  these 
patients  failed  to  bring  about  amelioration  of  symptoms.   The  IHA  test  was 
performed  on  all  twenty  cases  and  the  test  was  negative  in  all  individuals 
except  one  who  showed  a  titer  of  1:18  which  is  not  considered  diagnostic  in 
our  laboratory.   The  ID  test  using  6.0  ug  dose  was  done  on  eight  individuals 
and  was  negative  in  all  of  them. 
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The   results    therefore   do  not   suggest  any  association  between  non- 
specific  ulcerative   colitis  and   amebic    infection  of   the   colon. 

Significance    to  Biomedical   Research  and    the   Program  of   the    Institute: 


<l 


1 


The   present    titration   studies    taken   together  with   previously   reported 
studies   on      the   clinical   evaluation  of  Histolyticin   in    India    and  at   the  NIH 
indicate   a  dose    of  6.0  ug  amebic    protein   to   be    the  most   practical    for 
detection   of  extra-intestinal  amebic   disease    in  a   clinical    setting. 

The   studies   on  non-specific   ulcerative   colitis,    a   common  ailment      in 
India,      appear    to  rule    out  an   origin   in  an  amebic    infection. 


The   electron  microscope   studies    on   liver  biopsy  material    from  cases 
of  amebic   hepatitis  shed  new  light   on   this   controversal  entity. 

Proposed   Course   of   the    Project:      The    Project  closes   June      30,    1974. 
The   data  gathered    is   being   prepared    for   publication. 
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NIAID 

Other  NIH 

Guest 

Lab, 

Personnel 

Worker 

Staff 

Assigned   to 
Proiect 

Total 


Total 

19/12 

19/12 

Professional 

14/12 

14/12 

Other 

5/12 

5/12 

Serial  No.    NIAID   125-P 

1.  Parasitic  Diseases 

2.  Cell  Biology  and  Immunology 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1974  through  June  30,  1974 

Project  Title:   Immunological  studies  on  toxoplasmosis  and  other  parasitic 
diseases 

Previous  Serial  Number:   Same 

Principal  Investigator:   Milford  N.  Lunde 

Other  Investigators:   Louis  S„  Diamond,  Kendall  G.  Powers  and  William  E. 

Collins 

Cooperating  Units:   Primate  Malaria  Unit,  Chamblee,  Georgia 

Man  Years : 


I 


Project  Description: 

Objectives :   To  evaluate  and  improve  the  indirect  hemagglutination 
test  (IHA)  for  malaria,  to  explore  the  feasibility  of  employing  horseradish 
peroxidase  in  the  sero  diagnosis  of  parasitic  diseases. 

Methods  Employed:   Soluble  malaria  IHA  antigen  is  prepared  from 
Plasmodium  knowlesi  schizonts  which  have  been  separated  from  non-parasitized 
erythrocytes  by  passage  through  a  Ficoll  gradient.   Sephadex  G-200  columns 
are  used  to  fractionate  antigens  which  are  used  in  the  IHA  test. 

Horseradish  peroxidase  conjugated  to  goat  anti  human  IgG  globulin  or 
goat  anti  human  IgM  globulin  is  used  in  a  procedure  similar  to  that  used  for 
the  indirect  fluorescent  antibody  test. 
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Sera  were  obtained  from:   a)   Clinical  Center,  NIH,  b)  PL-480  project 
01066-1,  New  Delhi,  c)  Primate  Malaria  Unit.  Chamblee,  Ga. 

1*13  1  or  Findings:   No  differences  in  IHA.  reactivity  using  human  sera  were 
observed  between  P.  knowles_i,  P.    falciparum,  and  P.  vivax  antigens.   The 
appearance  of  detectable  IHA.  antibody  seems  to  be  determined  by  the  duration 
of  the  primary  parasitemia.   With  14  patients  having  a  primary  parasitemia  of 
under  6  days  only  4  or  147=,  had  detectable  IHA  titers  whereas  16  of  21  (767o) 
with  parasitemia  of  more  than  9  days  had  positive  IHA  titers  >1:18. 

Centrifugation  at  10,000  x  G  of  schizonts  following  a  single  freeze- 
thaw  yields  an  antigen  supernatant  which  is  equal  to  or  better  than  any 
obtained  by  additional  procedures  such  as  sonication,  French  press  cell 
rupture  or  multiple  freeze-thaw  cycles.   75-907o  of  the  available  antigen 
is  obtained  by  this  single  one  step  procedure. 

Anti-human  IgG  globulin  labeled  with  horseradish  peroxidase  has  been 
successfully  used  to  detect  antibody  to  Toxoplasma,  E.  histolytica  and 
Trypanosoma  cruzio   53  of  53  sera  positive  in  the  IHA  test  for  toxoplasma 
at  a  titer  of  1:54  or  greater  were  positive  at  1:16  or  greater  using 
horseradish  peroxidase.   28  of  32  sera  negative  in  the  toxoplasma  IHA  test 
were  negative  with  horseradish  peroxidase.   24  of  32  sera  with  a  clinical 
diagnosis  of  invasive  amebiasis  had  positive  indirect  horseradish  peroxidase 
titers  (IHRP)  of  1:16  or  greater  while  0  of  21  uninfected  controls  were 
negative.   The  results  of  the  IHRP  test  with  T,  cruzi  are  encouraging  although 
a  series  of  sera  from  documented  cases  has  not  been  tested. 

Sec  NIAID  132-C  for  studies  on  the  effectiveness  of  chlorinated 
lincomycin  analogues  against  the  cyst  stage  of  toxoplasma. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  search  for  improved  sero-diagnostic  tests  in  parasitic  diseases 
and  a  better  understanding  of  how  these  relate  to  the  clinical  situation  and 
the  experimental  host  in  the  laboratory  will  be  of  value  not  only  to  the 
clinician  but  also  to  the  investigator  seeking  a  better  understanding  of  host 
parasite  relationship  and  the  immune  factors  involved. 

The  antigens  which  are  currently  used  in  the  malaria  IHA  test  are  not 
standardized  either  as  to  the  Plasmodium  species  used  or  in  the  method  of 
preparation.   A  standardized  antigen  is  essential  to  any  serological  procedure 
used  in  sero  diagnosis  or  in  field  epidemiological  studies.   It  is  being 
suggested  by  some  investigators  that  placental  P.  falciparum  antigen  be  used 
in  the  IHA  test.   The  difficulties  in  getting  large  standardized  quantities 
of  antigen  from  human  placental  tissue  are  obvious.   It  is  hoped  by  demon- 
strating that  a  good  malaria  antigen,  capable  of  standardization,  can  be 
obtained  from  primate  Plasmodium  it  will  not  be  necessary  to  use  human 
placental  tissue. 
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Proposed  Course  of  the  Project:   Work  to  further  the  development  and 
evaluation  of  horseradish  peroxidase  labeled  antibodies  and  antigens  for 
use  in  clinical  and  experimental  parasitology  will  be  continued. 

An  effort  will  be  made  to  standardize  the  malaria  IHA.  antigen  and  to 
determine  whether  the  major  part  of  reactive  material  originates  in  the 
erythrocyte  cytoplasm  outside  the  parasite  or  from  the  parasite  itself. 

It  is  planned  that  a  cooperative  project  with  Dr.  Charles  Alford, 
Dept.  of  Pediatrics,  University  of  Alabama  School  of  >fedicine  will  be 
initiated  to  study  the  role  of  toxoplasma  specific  IgM  antibody  in  pregnancy 
on  fetal  development. 

A  study  will  also  be  initiated  toward  the  possible  development  of  an 
antigen  which  can  be  used  in  the  sero  diagnosis  of  Pneumocystes  carinii, 
especially  in  immunosuppressed  patients. 


Publications : 


Lunde,  M.  N. : 
Health  Lab.  Sci.  10: 


I 


Laboratory  methods  in  the  diagnosis  of  toxoplasmosis. 
319-328,  1973. 
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Serial   No.    NIAID   132-A 

1.  Parasitic  Diseases 

2.  Malaria 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Mechanism  of  Invasion  of  Malarial  Merozoites 

Previous  Serial  Number:   None 

Principal  Investigators:   Louis  H.  Miller  and  James  A.  Dvorak 

Other  Investigators:   Tsugiye  Shiroishi  and  Bruce  K.  Schrier,  NICHHD, 

Behavioral  Biology  Branch 

Cooperating  Units:   Dr.  John  Durocher,  Walter  Reed  Army  Institute  of  Research, 

and  Dr.  Masamichi  Aikawa,  Institute  of  Pathology,  Case 
Western  Reserve  University,  Cleveland,  Ohio. 

Man  Years: 


Total 


NIAID 

Other  NTH 

Guest 

Lab. 

Personnel 

Worker 

Staff 

Assigned  to 
Proiect 

( 
1 


Total 

20/12 

20/12 

Professional 

8/12 

8/12 

Other 

12/12 

12/12 

Project  Description: 

Objectives :   To  understand  the  mechanism  by  which  the  malarial  merozoite 
gains  entry  into  the  red  cell  and  to  evaluate  methods  for  blocking  invasion. 

Methods  Employed:   Schizont  infected  red  cells  of  Plasmodium  knowlesi 
were  separated  from  plasma,  platelets  and  uninfected  red  cells.   Uninfected 
red  cells  were  then  added  to  the  schizonts,  and  the  mixture  vas  placed  in  a 
Dvorak  chamber  at  35°C.   Culture  media  was  perfused  over  the  cells  and 
rupture  and  reinvasion  of  red  cells  were  observed  by  a  Leitz  inverted 
interference  microscope.   Quantification  of  invasion  was  performed  in  Giemsa 
stained  thin  smears  of  the  cells  from  the  chambers.   Uninff;cted  red  cells 
placed  in  the  chamber  included  red  cells  of  different  species  and  enzymati- 
cally  altered  red  cells.   The  influence  of  red  cell  membrane  components  on 
invasion  was  studied. 
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The   interaction  of   immune   sera  with  raerozoite  was   observed   in  a 
Dvorak- Stotler  Chamber  and    the  merozoite  membrane  was   studied   by   trans- 
mission electron  microscopy  after  exposure   to  immune  and  normal   sera. 

Major  Findings:      1)      Observation  of  the   interaction  between  merozoites 
and   red   cells.      Exocytotic  vesicles    form  on   the   red   cell  membrane    immediately 
before   shcizont   rupture.      After  rupture,   merozoites  must  contact  red   cells 
within   10  minutes.      The    following   sequence   of  events   occurred  during    invasion: 

1)  Reversible  attachment  between  the  anterior  end  of  the  merozoite 
and  the   red   cell. 

2)  Diffuse   perturbation  of  the   red   cell. 

3)  Endocytosis   of   the  merozoite. 

2)  The   effect   of  enzyme   alteration  of  red   cell   surfaces   on   F. 
knowlesi,  invasion.      Chymotrypsin-   and   pronase-treated  human  red  cells  were 
refractory   to   invasion  by  merozoites;    invasion  was  not   inhibited  by   trypsin- 
or  neuraminidase   treatment.      Invasion  of  rhesus  erythrocytes  was  unaffected 
by   pretreatment  with   these   enzymes.      The   effect   on  membrane   proteins   on 
acrylamide   gels  was   similar   for  rhesus   and   human  red   cell  ghosts.      Human 
glycoproteins  were  more   susceptible    to   trypsin  and  chymotrypsin.      However, 
invasion  was  uninfluenced   by   trypsin  removal   of  all    stainable   glycoprotein 
in  hiiman  red   cells.      Complete   removal   of  acetylcholinesterose  activity   from 
rhesus   red   cells   did  not   influence    invasion. 

3)  The   effect   of  human  red   cell   components   on   invasion.      Purified 
sialoglycoprotein  and   concentrated   pronase   and      chymotrypsin  digests  did 
not  block   invasion  by  merozoites. 

4)  Merozoite   surface   characteristics.      A   fuzzy  coat  completely 
surrounds  merozoites.      The   coat   is  removed  by  immune   sera.  Immune    sera 
agglutinates  merozoites   by    interaction  with   the    fuzzy   coat.      This     coat     is 
pushed  aside  during    invasion. 
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5)   Effect  of  immune  sera  on  red  cell  invasion. 
NIAID  132-B). 


(See  Annual  Report 


Summary:   1)   Invasion  is  initiated  by  attachment  of  merozoites  to 
red  cells.   The  component  in  the   red  cell  responsible  for  attachm-int  is  not 
sialic  acid  or  acetyl  cholinesterose  and  does  not  appear  to  be  sialoglycopro- 
tein.  Studies  continue  on  the  nature  of  the  receptor. 

2)  The  stimulus  for  diffuse  perturbation  and  endocytosis  is  unknown. 

3)  The  red  cell  mechanism  of  endocytosis  is  unknov^m. 

4)  Merozoites  have  a  large  fuzzy  coat  that  is  removed  during  invasion. 
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5)      Immune   sera  does  not  neutralized   receptor   on  merozoites   but 
agglutinates  merozoites   by  cross    linking    the    fuzzy   coat. 

Significance    to   Biomedical   Research  and   the    Program  of   the    Institute: 

The    identification  of   the   receptor  on  erythrocyte  membranes  might 
permit    isolation  of   the   component   on   the  merozoite    that    initiates    invasion. 
It  may   then  be   possible    to   immunize    the   host  against    this   site   on   the  mero- 
zoite  in  order   to  block  erythrocyte   penetration. 

Proposed   Course   of   the    Project:      1.      Identify   red   cell   receptor, 
2.      Identify   substance    that   initiates  endocytosis.      3.      Determine    structure 
and    function  of   the    fuzzy  coat.      4.      Attempt    to  grow   P.    vivax   in  culture 
in  order   to  explore    the   question   of  why   P.    vivax  does   not   infect  most  American 
blacks  and  West  Africans. 

Honors   and  Awards: 


Member,    Clinical   Research   Committee,    National    Institute   of  Allergy  and 
Infectious   Diseases 

Member,   Ad  Hoc   Committee    to  review   intramural   research  and   contract 
proposals    in  Tropical   Diseases    for   the   Array  R&D  Command   at  WRAIR. 

Member,    Steering  committee,    for   organizing   a  work   shop   on  vaccines 
for  malaria   for   the  National  Research  Council. 

Participant,    Symposium  on  antigenic  variation   in  protozoa,    WRAIR, 
November   30,    1973. 

Invited   speaker  by    the  American  Red   Cross    for   symposium  on   infectious 
diseases   transmitted  by  blood   transfusion.   May  8,    1974. 


Publications: 

Miller,    L.    H. ,    Dvorak,    J.    A.,    Shiroishi,    T. ,    and   Durocher,    J.    R. : 
Influence   of  erythrocyte  membrane   components   on  malaria  merozoite    invasion. 
J.    Exp.    Med.    138:      1597-1601,    1974. 

Miller,    L.    H. ,    Powers,    K.    G. ,    Finerty,    J.,    and  Vanderberg,    J.    P.: 
Difference    in   surface   charge  between  host  cells  and  malarial   parasites. 
J.    Paras it.    59:      925-927,    1973. 

Chien,    S. ,    Cooper,    G.    W. ,    Kung-ming,    J.,    Miller,    L.    H. ,    Howe,    C. , 
Usami,    S. ,    and   Lalezari,    P.:      A  case   of  n-acetylneuraminic   acid     deficiency 
in  erythrocyte  membranes:      Biophysical   and    Biochemical   correlates.      Blood 
(in  press      1974. 
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Cooper,    G.    W.    and  Miller,    L,    H. :      Propanoic   acid-ferric    oxide   hydrosols: 
Differential   cell    surface   binding   and    its   relation   to  membrane    lipid.      J. 
Histochemistry  and   Cytochemistry.       In   Press,    1974. 

Herman,    R. ,    and   Shiroishi,    T. :      Plasmodium  gallinaceum:      Selective 
immunosuppression  by  cyclophosphamide    in  preerythrocytic  malaria.      Exp. 
Para sit.    34:      295-305,    1973. 

Herman,    R. ,    Shiroishi,    T. ,    and   Buckler,    C.    E. :      Visual    interference   of 
exoerythrocytic    forms   of  malaria    (Plasmodium  g;allinaceum)    in   ovo. 
J.    Inf.    Pis.    128:      148-155,    1973. 
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1.  Parasitic  Diseases 

2.  I'lalaria 

3.  Bethesda,    Maryland 
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PHS-NIH 
Individual   Project  Report 
July   1,    1973   through  June   30,    1974 

Project  Title r      Studies   on   Immunity  and    Pathology   of  Malaria  and    Other 
Parasitic   Diseases. 

Previous    Serial   Number:      Same 

Principal    Investigators:      Kendall  G.    Powers   and   Louis  H.    Miller 

Other    Investigators:      M.    Lunde   and    Philip  R.    B.    McMaster 

Cooperating   Units:      Laboratory    of  Microbial    Immunity,    NIAID 

Man  Years: 


1 


k 


NIAID 
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Project  Description: 

Objectives :   To  study  the  immune  response  and  pathological  consequences 
of  acute  and  chronic  malaria  and  other  parasitic  diseases. 

Methods  Employed:   Various  host-parasite  models  are  used  in  these 
studies  including  Plasmodium,  knowlesi  and  P.  cynomolgi  in  rhesus  monkeys, 
P.  falciparum  in  owl  monkeys  and  V.    berghei  and  P.  vinckei  in  rodents. 

We  are  attempting  to  identify  and  characterize  different  malarial 
antigens  and  their   respective  antibodies  in  order  to  determine  their  relative 
role  in  the  overall  immune  response,   a)   Antigenic  variation  in  malaria  is 
being  studied  in  vivo  and  in  vitro  using  the  schizont  agglutination  test  to 
monitor  antigenic  differences  between  parasite  population  during  acute  and 
chronic  infections  in  individual  nonhuman  primate  hosts,   b)   The  effect  of 
host  immunity  on   the  invasion  of  erythrocytes  by  merozoites  is  being  inves- 
tigated in  vitro.   Immune  or  normal  monkey  sera  are  added  to  culture  media 
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containing  mature  schizonts  and  uninfected  red  blood  cells.   The  number  of 
cells  invaded  by  the  merozoites  are  counted.   The  effect  of  complement  on 
this  process  also  is  being  evaluated.   For  details  of  this  system  refer  to 
Annual  Report  132-A,   c)   The  indirect  hemagglutination  test  (IHA)  for  the 
detection  of  specific  malarial  antibodies  is  being  evaluated  and  procedures 
are  being   devised  to  improve  the  antigen  used  in  this  test  (For  details 
refer  to  Annual  Report  125-P). 


,!  IT- 


The  induction  of  immunologic  paralysis  was  studied  in  16  nonhuman 
primates  using  relatively  small  and  large  doses  of  pneimiococcal  polysac- 
charides.  For  theoretical  reasons,  as  well  as  for  setting  practical 
immunization  doses  and  schedules,  it  was  of  interest  to  determine  whether 
such  a  phenomenon  could  occur  in  species  other  than  the  mouse.   For  this 
purpose  rhesus  and  owl  monkeys  were  injected  with  10  to  10,000  a   of  Type  III 
pneumococcal  polysaccharide  (SSS-III).   In  addition,  some  monkeys  given  10 
to  50  a   were  later  challenged  with  1,000  to  10,000  a.      Sera  were  collected 
at  suitable  intervals  and  tested  for  the  presence  of  antibody  and,  in 
selected  instances,  for  antigen  using  radioimmunoassay  procedures. 

Major  Findings:   a)   Several  modifications  have  been  made  in  the 
schizont  agglutination  test  (SAT)  as  described  by  Brown.   By  using  the  micro- 
titer  technique  we  are  able  to  use  0.025  ml  amounts  of  serum  and  diluted 
antigen  rather  than  the  0.5  ml  amounts  previously  required.   By  use  of  ficoll 
gradients  we  are  able  to  separate  malaria- infected  erythrocytes  (antigen) 
from  uninfected   cells  and  the  majority  of  the  infected  cells  are  recovered  at 
an  optimal  stage  of  development  for  use  in  the  SAT.   A  technique  has  been 
devised  to  preserve  schizont-infected  erythrocytes  so  that  antigenic  material 
can  be  standardized  and  stored  over  considerable  periods  of  time.   This 
assures  a  uniform  antigen  source  for  various  studies  and  allows  for  the 
"banking"  of  stabilates  that  can  be  used  in  laboratory  and  field  studies. 
Previously,  schizonts  had  to  be  used  within  24  hours  after  collection.   We 
have  confirmed  Brown's  findings  that  antigenically  distinct  populations 
develop  in  malaria  infections  and  this  may  be  the  process  by  which  the 
parasite  survives  the  immune  mechanism  of  the  host.   Sequential  serum  titers 
from  monkeys  infected  with  chronic  P.  knowlesi  indicate  that  there  may  be  two 
types  of  immunity.   One  is  specific  for  each  variant  and  the  other  transcends 
the  varients  and  partially  suppresses  parasite  multiplication.  Although 
each  recrudescence  usually  produces  an  antigenically  different  population, 
in  some  instances  there  is  complete  serologic  similarity  between  populations 
that  occur  several  months  apart,   b)   Immune  sera  blocked  invasion  of  red 
cells  by  agglutination  of  the  merozoites.   Immediately  after  rupture  from 
the  infected  red  cell,  the  receptor   for  invasion  on  the  merozoite  was  not 
neutralized  but  interacts  normally  with  the  red  cell.   Addition  of  complement 
to  immune  sera  does  not  further  reduce  the  invasion  rate.   Complement  does 
cause  merozoite  lysis  but  at  a  time  when  the  merozoite  could  no  longer  invade 
red  cells.   Immunity,  as  measured  by  this  serologic  test  (blockage  of  invasion) 
does  not  always  correlate  with  functional  immunity,   c)   It  has  been  found 
that  75  to  90  percent  of  the  soluble  antigen  in  P.  knowles  i- in  fee  ted  erythro- 
cytes can  be  obtained  using  a  single  freeze-thaw  procedure.   This  recovery 
compares  favorably  with  techniques  requiring  more  elaborate  equipment  such 
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as  sonication,  french  press  cell  rupture  etc.   Antigens  thus  prepared  were 
as  good  or  better  in  detecting  antibodies  for  P.   falciparum  or  P.  vivax  than 
antigens  produced  by  other  methods.   It  was  determined  that  there  is  no 
advantage  in  P.  falciparum  antigen,  which  is  often  difficult  to  obtain,  over 
P.  knowlesi  antigen  in  the  detection  of  falciparum  antibodies  in  human  sera. 

Alt  -ough  the  injection  of  foreign  materials  into  animals  usually 
stimulates  antibody  formation,  certain  exceptions  have  been  observed.   An 
appropriate  small  dose  of  Type  III  polysaccharide  immunized  monkeys  and 
resulted  in  a  rise  in  their  antibody  levels  whereas  a  large  quantity  of  the 
polysaccharide  reduced  their  serum  antibody.   Monkeys  given  10  to  50  a   of 
Type  III  preumococcal  polysaccharide  responded  by  increasing  the  antibody 
level  in  their  serum.   By  contrast,  in   those  given  10,000  a   the  serum  anti- 
body was  markedly  reduced  and  generally  remained  at  a  low  or  undetectable  level 
for  weeks. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

During  the  malarial  infection,  the  host  produces  antibodies  to  infected 
red  cells  that  are  coated  with  malarial  antigens.   Probably  of  equal  importance 
for  functional  immunity  are  the  antigens  present  on  the  surface  of  merozoites. 
Circulating  antibody,  with  or  without  complement,  could  effectively  destroy 
the  merozoite  or  block  its  infectivity  to  erythrocytes. 

If  there  are  antigenic  variants  in  malaria  then  the  problem  of 
immunization  becomes  more  difficult,  even  if  the  immunogens  can  be  identified. 
It  is  hoped  that  these  studies  will  develop  methods  to  classify  the  antigenic 
varients,  to  separate  and  identify  the  antigens  on  the  surface  of  the  infected 
red  cell  and  to  identify  the  stage  of  the  parasite  responsible  for  malarial 
imnunity. 

Proposed  Course  of  the  Project:   Work  on  the  application  of  the  schizont 
agglutination  test  in  studying  malarial  immunity  will  be  continued.   Other 
investigations  will  involve  the  identification  and  characterization  of  the 
antigenic  components  that  are  on  the  erythrocyte  surface,  within  the  red  cell 
between  the  membrane  and  the  parasite  and  contained  in  the  free  parasite. 

Honors  and  Awards: 
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President,    Tropical  Medicine   Association   of  Washington,    D,    C. 

Asst.    Corresponding   Secretary-Treasurer,    Helminthological    Society 
of  Washington. 

>fember.    Editorial   Board,    Experimental    Parasitology 
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1.  Parasitic  Diseases 

2.  Malaria 

3.  Bethesda,  Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Experimental  Chemotherapy  of  Malaria  and  Other  Protozoan 
Diseases. 

Previous  Serial  Number:   Same 

Principal  Investigator:   Kendall  G.  Powers 

Other  Investigators:   Masamichi  Aikawa  and  Milford  N.  Lunde 

Cooperating  Units:   Case  Western  Reserve  University 
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Project   Description: 

Objectives:      To  establish  and  maintain  a   series   of  models    for  use    in 
evaluating   potential   antimalarial   activity   of  various   compounds.      This 
includes   parasites    from  birds,    rodents   and  nonhuman  primates.      Drug  activity 
is  evaluated   against  both  blood  and   tissue   stages   of   the   parasite. 
Compounds   are   also   tested   against   other   protozoan  diseases  when  promising 
drugs  become   available. 

Methods  Employed:      Compounds  with  antimalarial   activity  are    first 
tested   orally   and    intraperitoneally    in  mice    infected  with   Plasmodium  berghei 
and    in  certain   instances   in  mice    infected  with  _P.   vinckei.      Efficacy    is 
based   on   the   percentage   of   infected  erythrocytes    in  treated  mice   as   compared 
to  untreated   controls.      Compounds   also  may  by  evaluated   afjainst   strains   of 
P.    ber^hei  resistant    to   chloroquine,    pyrimethamine,    quinine,    DDS  or  certain 
loag-acting   sulfonamides   and   against   P.   vinckei  resistant   to' pyrimethamine 
and   chloroquine.      When  activity  warrants,    compounds   are   evaluated   against 
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blocxi-   and   sporozoite- induced   P.    gallinaceum  in  chickens  and   against   P, 
cynomolgi,    P.    Knowlesi  and/ or  ^.    coatneyi   in  rhesus  monkeys. 

An  additional  host-parasite   system  is  currently  being  utilized   to 
further  evaluate   compounds    that  have   demonstrated  antimalarial   activity. 
Aotus    trivirgatus.    infected  with  chloroquine-resistant  and  normal   strains 
of   P.    falciparum,    are   being  used    to  study   the  mode   of  action  and  chemo- 
therapeutic   activity   of  active   compounds    in   the   search    for  drugs    that  are 
efficacious   against  chloroquine-resistant   falciparum  malaria   in     man. 

In  certain   instances   promising   compounds    or  drug  combinations  are 
evaluated   against   Toxoplasma  gondii   in  mice.      Various  drug   regimens  are 
administered  at   different    times   during   the  acute    infection  and    the   results 
are   compared  with  drugs   currently   being  used    in   the  chemotherapy   of  human 
toxoplasmosis.      Compounds    found    to  be   active   against    this   stage   are    tested 
against  cysts   formed  during   the  chronic   stage   of   infection. 

Major   Findings:      Clindamycin    (U-21)    and  N-demethyl-4-pentyl   clindamycin 
(U-24)    have   been   shown   to  be   curative   against  acute   Toxoplasma  gondii   in  mice. 
The  antitoxoplasmic   activity   of   these   compounds  was   comparable    to   the 
pyrimethamine-sulfadiazine   combination   that    is   commonly   used    to   treat    this 
disease    in  humans.      Since    toxoplasmosis   often  becomes   chronic,   with  cysts 
in  various    tissues   and   organs,    these  drugs  were    further   tested  against 
this   stage    of   infection.      Groups   of  mice  were    infected     with  T.    gondii     and 
about  3  months   later,   when   large   numbers   of  cysts  were   present   throughout 
the   body,    they  were    treated   for   8  weeks  with  a  diet  containing  either  U-21, 
U-24   or   pyrimethamine-sulfadiazine.      Sera  were   collected    to  detect     antibodies 
specific    for   toxoplasma  and   tissues  were   injected   from  each  mouse   into  clean 
mice   to  determine   if   infective  cysts  were   present.      More   than  40  percent  of 
the  mice    treated  with  U-21   or  U-24  were    found    to  be   cured   of   their  chronic 
infections.      We   also  evaluated    the   effect   of  U-21,    U-24  and    the   pyrimethamine- 
sulfadiazine   combination  against   occular   toxoplasmosis    in  mice.      By   subinocu- 
lation  we     determined    that   25   percent   of   the  mice    in  each   of   the    treatment 
groups  did  not  have   toxoplasma  organisms   in  the  eyes.      All   of   the  eyes 
subinoculated   from  untreated  mice  were    infected.      Although   the   cure   rate   in 
chronically    infected  mice  was   quite   low   the  results   are   encouraging, 
particularly  since  no  drug   is  currently  known   to  be   effective  against 
toxoplasma  cysts. 

The   antimalarial   activity  and   the  mode   of  action  of  clindamycin    (U-21) 
and  N-demethyl-4-pentyl   clindamycin    (U-24)   was   studied    in  rhesus  monkeys 
infected  with   Plasmodium  knowlesi.      This  parasite  has  a   24  hour   life  cycle 
and   produces  a   fulminating   infection  that  usually   terminates   in  death  3-6 
days   after  patency.      Both  antibiotics  were   able    to  control    the   rapid   rise    in 
parasitemias  within  48-60  hours  when   therapy  was    initiated  early   in   the 
infection.      However,    parasitemias  greater   than   10  percent  had   to  be   treated 
initially  with  a  more   rapid  acting   antimalarial   such  as   chloroquine   or 
quinine   before   U-21    or  U-24   could   be   used    to  cure    the    infection.      Doses   of 
10  mg/kg   of  either  antibiotic  was    found   to  be   curative  when  given   for  5   to  7 
consecutive   days.      Parasites    from  monkeys   treated  with  U-21   or  U-24  were 
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studied  by  light  and  electron  microscopy  in  order  to  determine  morphologic 
changes  produced  by  these  drugs.   By  light  microscopy  the  first  indication 
of  drug  effect  on  the  parasite  was  seen  after  about  24  hours.   By  48  to  60 
hours  there  were  pronounced  drug  alterations  as  evidenced  by  dissociation  of 
the  cytoplasm  from  the  chromatin  material  and  by  the  general  disruption  and 
vacuolation  of  the  cytoplasm.   The  cytoplasm  also  was  less  basophilic  than 
in  the  normal  parasites.   The  ultras true tural  changes  induced  by  the  anti- 
biotics were  seen  in  all  stages  of  the  parasite  but  were  particularly 
prominent  in  late  trophozoites  and  schizonts.   The  mode  of  action  appears  to 
be  orimarily  against  the  ribosomes  and  with  time,  about  24  to  48  hours,  the 
ribosome  appears  to  disintegrate  producing  amorphous,  irregular  areas  in 
the  cytoplasm.   There  appear  to  be  secondary  changes  in  the  nucleus  and 
mitochondria.   Nuclei  appear  condensed  and  fibrilluar  while  the  mitochondria 
appear  enlarged  with  prominent  DNA  fibers.   Lincomycin,  the  parent  compound, 
has  been  reported  to  inhibit  protein  synthesis  at  the  ribosome  level  in 
bacterial  systems.   Thus,  our  results  in  malarial  parasites  appear  to 
correlate  well  with  the  mode  of  action  of  the  parent  compound.   These  studies 
indicate  that  the  mode  of  action  of  clindamycin  is  different  from  that  of  the 
commonly  used  antimalarials  such  as  the  4-aminoquinolines  and  the  antifolic 
type  compounds. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Certain  strains  of  Plasmodium  falciparum  are  resistant  to  chloroquine 
and  most  other  synthetic  antimalarials  and  there  exists  an  urgent  need  for  a 
safe,  efficacious  drug  for  the  treatment  of  this  disease.   Considerable 
effort  has  been  expended  during  the  past  10  years  to  find  such  drugs  and  one 
of  the  more  promising  compounds  in  this  respect  is  the  antibiotic,  clindamycin. 
This  drug  has  been  shown  to  possess  a  significant  degree  of  antiparasitic 
activity  against  simian  and  human  malaria  and  may  prove  useful  in  the 
treatment  of  resistant  strains  of  falciparum  malaria.   Clindamycin  is 
relatively  nontoxic  and  is  already  commercially  available  for  use  in  humans 
as  an  antibacterial  agent.   The  curative  activity  of  this  drug  against 
toxoplasmosis  in  mice  suggests  that  this  antibiotic  also  may  be  of  value  in 
the  therapy  of  toxoplasmosis  in  humans,  possibly  even  against  infections 
acquired  during  pregnancy  in  which  the  use  of  sulfadiazine  and  pyrimethamine 
is  questioned  because  of  their  toxocity. 

Proposed  Course  of  the  Project:   Preliminary  studies  in  prisoner 
volunteers  have  demonstrated  that  clindamycin,  in  combination  with  quinine, 
cured  three  multidrug  resistant  strains  of  P.  falciparum  (Cambodian  I,  Burma 
(Thau)  and  Panama  II)   (see  annual  report  134-A) .   A  field  study  is  being 
proposed,  in  cooperation  with  the  University  of  the  Philippines,  to  study 
the  efficacy  of  clindamycin  against  naturally  acquired  chloroquine-resistant 
falciparum  malaria  in  human  populations  on  Palawan  Island,  Philippines. 
Additional  studies  on  the  mode  of  action  of  clindamycin  will  be  conducted 
in  owl  monkeys  infected  with  P.  falciparum.   Radio- labelled  clindamycin 
will  be  used  to  more  precisely  identify  the  exact  site  of  action  of  the  drug. 
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1.  Parasitic  Diseases 

2.  Malaria 

3.  Bethesda,    Maryland 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Studies  on  Drug  Resistance  in  Experimental  Malaria 

Previous  Serial  Number:   Same 

Principal  Investigator:   Richard  L.  Jacobs 

Other  Investigators:   None 

Cooperating  Units:   None 
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Project  Description: 

Objectives :   To  investigate  the  mechanisms  of  acquired  drug  resistance 
in  malarial  parasites;  to  develop  and  characterize  different  drug-resistant 
strains  of  rodent  malaria  by  cross-resistance  patterns  to  various  antimalarial 
drugs,  pathogenicity,  morphological  changes,  and  stability  of  acquired 
resistance  in  the  absence  of  selective  drug  pressure.   To  gain  a  better 
understanding  of  the  mechanism  of  action  of  different  antimalarial  drugs. 

Methods  Employed:   Various  strains  of  Plasmodium  berghei  are  maintained 
in  mice  by  blood  transfer.   Gametocyte-producing  strains  are  maintained  by 
cyclical  passage  through  Anopheles  stephensi,  A/J  mice,  and  hamsters. 
Standard  dose-suppression  tests  are  conducted  to  establish  the  sensitivity  of 
the  parent  strain  of  P.  berghei  to  the  various  drugs  under  study  prior  to 
selection  for  resistant  strains.   Parasitemia  is  followed  in  blood  smears 
stained  by  the  Gierasa  procedure.   The  suppressive  effect  of  different  doses 
of  drug  is  determined  by  comparison  of  the  mean  percent  parasitemia  in 
treated  groups  with  the  untreated  control  group  of  mice. 
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The  procedure  used  to  develop  drug-resistant  strains  of  P.  berghei 
was  described  in  the  previous  report.   In  brief,  it  involves  repeated  blood 
passages  of  the  parasite  in  groups  of  mice  treated  with  the  highest  dose  of 
drug  that  allows  for  some  development  of  during  each  passage.   Transfer  to 
fresh  mice  is  usually  made  by  day  7,  using  large  numbers  of  parasitized 
erythrocytes  (10  million/mouse)  which  are  inoculated  intravenously.   Drugs 
are  administered  orally  (by  stomach  tube)  as  single  daily  doses  on  days  0, 
1,  2,  and  3  after  inoculation  of  parasites.   Drug  dosages  are  increased  as 
indicated  by  the  degree  of  parasite  development  in  the  previous  passage  in 
order  to  maintain  a  maximum  amount  of  selective  drug  pressure.   Parasite 
strains  are  considered  totally  resistant  when  they  develop  in  mice  treated 
with  the  maximum  tolerated  dose  (MTD)  of  drug.   Totally  resistant  strains 
are  subsequently  maintained  in  mice  treated  with  the  MTD  of  drug  during 
each  passage.   In  order  to  assess  the  stability  of  resistance  in  the  absence 
of  selective  drug  pressure,  the  resistant  strain  is  also  subpassaged  repeatedly 
in  untreated  mice  and  tested  periodically  for  drug  sensitivity.   Selected 
samples  of  infected  blood  are  preserved  at  -70°C.  during  the  development  of 
resistance  for  future  reference. 

Major  Findings:   The  development  of  resistance  to  the  semisynthetic 
antibiotics  clindamycin  and  minocycline  by  P.  berghei  has  been  demonstrated. 
However,  resistance  to  these  compounds  developed  less  readily  than  resistance 
to  the  more  commonly  used  antimalarials  such  as  chloroquine,  quinine, 
pyrimethamine  or  primaquine.   The  development  of  resistance  to  one  antibiotic 
does  not  confer  cross-resistance  to  the  other  or  cross-resistance  to  the  other 
antimalarial  drugs  tested  to  date, 

P.  berghei  became  totally  resistant  to  clindamycin  during  42  succes- 
sively treated  passages  in  mice  over  a  period  of  294  days.   This  represents 
approximately  a  40-fold  increase  in  resistance  since  the  parent  strain  did 
not  tolerate  dosages  greater  than  25  mg/kg/day  and  the  resistant  strain 
develops  in  mice  treated  v;ith  1000  mg   clindamycin  which  is  the  MTD  for  mice. 
Total  resistance  to  minocycline  by  P.  berghei  has  not  teen  attained.   The 
parent  strain  failed  to  develop  in  mice  treated  with  doses  of  minocycline 
greater  than  100  mg/kg/day.   After  86  successive  minocycline- treated  passages 
over  a  period  of  about  600  days,  the  strain  tolerated  daily  doses  of  600 
mg/kg/day.   This  is  therefore  less  than  total  resistance  to  minocycline  as 
mice  tolerate  doses  up  to  1000  mg/day,  but  does  represent  a  6-fold  increase 
in  degree  of  resistance  to  minocycline. 

Neither  the  clindamycin-  nor  minocycline-resistant  strains  of  P. 
berghei  show  evidence  of  cross-resistance  to  such  commonly  used  antimalarials 
as  chloroquine,  quinine  or  pyrimethamine.   Resistance  to  both  antibiotics 
appear  to  be  reasonably  stable  in  the  absence  of   selective  drug  pressure. 
The  clindamyc in-resistant  strain  failed  to  revert  to  normal  sensitivity 
during   51   successive  untreated  passages  in  mice  and  resistance  to  monocycline 
has  persisted  through  15  untreated  passages.   The  developmfjnt  of  resistance 
to  clindamycin  or  to  minocycline  resulted  in  no  gross  evidence  of  changes  in 
morphology  of  the  parasite  or  in  virulence  (rate  of  growth).'  In  each  case, 
pigment  production  by  the  parasite  appears  to  be  normal.   Development  of 
a  high  degree  resistance  to  both  clindamycin  and  minocycline  has  not  been 
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accomplished  during   15  clindamycin- treated  passages   of   the  minocycline- 
resistant   strain. 

Significance    to   Biomedical   Research  and    the    Program  of   the    Institute: 

Drug-resistant   strains   of  malaria,    particularly  resistance    to  chloro- 
quine,    continue    to  present  a  world-wide   problem   in   the   chemotherapy   of  malaria. 
Strains   of   F,    falciparum   that  are   resistant    to  all   of   the   commonly  used 
synthetic   antimalarials,    as  well   as    to  quinine,    continue    to  be   encountered   in 
widely    separated   areas   of   the  world.      Also,    other   species   of  malaria   that 
infect  man  may  become   refractory   to  presently  effective   drugs.      The   appear- 
ance   of  drug-resistance    in  malarial   parasites   of     man  has   served   to  emphasize 
the   need    for  a  better   understanding   of      the   basic  mechanisms   of  drug  action 
on  the  parasite   and   other  aspects   of  host-drug-parasite   relationships. 
Plasmodium  berghei  has      proven   to  be   a  valuable    laboratory  model    for   the 
investigation  of   the  mode   of  action  of  various  antimalarial   compounds   and 
soma   of   the   basic   aspects   of  acquired  drug   resistance    in  malarial   parasites. 

Recent   reports   regarding    the   successful  use    of  antibiotics,    especially 
derivatives   of   lincomycin  and   tetracycline,    for  the   treatment  of  drug- 
resistant  malaria    in  man  raises   questions   regarding    the   prolonged  usefulness 
of   these   compounds    for   this   purpose.      If  no  cross   resistance   occurs,    then 
resistance    to   one  will  not   invalidate    the  usefulness   of   the   other  compound. 
Studies    in  mice    infected  with   P.    berghei   should   give    information  regarding 
the   probability   of  development   of   resistance    to   these   compounds   by  malarial 
parasites,    cross-resistance   patterns,   and   the   stability  of  resistance   in   the 
absence   of   selective   drug  pressure.      These   results   should  be    of  value    in 
predicting    the   usefulness   of   the   antibiotic   derivatives    for    the    treatment 
of  malaria   in  man. 
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Proposed   Course   of   the    Project:      The    study  will  be   continued  with 
emphasis   on  explaining   the  mechanism(s)    by  which  parasites  become   resistant 
to  drugs.      Using      radio-labelled   clindamycin,    differences    in  uptake   of   the 
drug  between  sensitive   and  resistant   strains  will   be    investigated. 
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Serial    No.    NIAID   132-E 

1.  Parasitic  Diseases 

2.  Malaria 

3.  Bethesda,    Maryland 

PHS-NIH 
Individual    Project   Report 
July   1,    1973    through  June   30,    1974 

Project   Title:      Studies   on   the   Labeling   of   Sporozoites    of  Malaria 

Previous    Serial   Number:      Same 

Principal    Investigators:      Richard  L.      Jacobs   and   Louis   H.    Miller 

Other    Investigators:      Robert  W.    Gwadz   and   Louis   C.    Koontz 

Cooperating  Units:      None 

Man  Years : 


tl 


NIAID 

Other  NIH 

Guest 

Lab. 

Personnel 

Worker 

Staff 

Assigned   to 
Proiect 

Total 


Total 

20/12 

20/12 

Professional 

11/12 

11/12 

Other 

9/12 

9/12 

Project  Description: 

Objectives :      To  develop  methods    for   labeling   sporozoites    in   order   to 
determine    their  distribution   in   the  mammalian  host    (kinetics)    and   to   follow 
development   of   the   sporozoite    through   the   exoerythrocytic    stages  within   the 
parenchymal   cells   of   the    liver.      The   effect  of  drugs   and    immunity   on   the 
kinetics   of   sporozoite  distribution  and    the  developing  EE    forms  will   be 
investigated.      Labelled   sporozoites  will   provide   a  useful    tool    for   the 
study   of  relapse  mechanisms. 

Methods   Employed:      The   NK-65   strain  of   Plasmodium  berghei   is  maintained 
in  cyclical   passage    through  mosquitoes    ( Anophe le s   s te phens i) ,    A/J  mice,    and 
hamsters.      ^.    cynomolgi   is  maintained    in   cyclical   passage    in  rhesus  monkeys 
and   different   species    of  mosquitoes    (A.    maculatus   and  A.    freeborni) . 
Sporozoites   are  harvested   by  dissection  of   infected  mosquito   salivary  glands 
at  appropriate   times  after   the   infective   blood  meal.      Developing   sporozoites 
are   labelled    in  vivo  by    feeding  appropriate   radio-labelled   compounds    to 
infected  mosquitoes.      The  degree    of  radioactive    isotope    incorporated   into 
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sporozoites  is  determined  by  autoradiography.   Viability  of  labelled  sporo- 
zoites  is  assessed  by  intravenous  injection  into  susceptible  hosts.   The 
development  of  the  radioactive  sporozoite  in  the  mammalian  host  will  be 
followed  in  tissue  sections  and  in  disassociated  liver  cells  by  autoradio- 
graphy.  The  distribution  of  the  labeled  sporozoites  will  be  studied  by 
scintillation  counting  of  tissue  homogenates  of  various  organs  (extracts). 

Major  Findings:   Procedures  have  been  worked  out  for  the  radioactive 
labelling  of  developing  sporozoites  of  ?.    berghei  and  P.  cynomolgi  using 
either  of  several  tritiated  purines  (adenine,  adenosine,  deoxyadenosine, 
deoxyguanosine) .   Tritiated  adenine  fed  to  infected  mosquitoes  in  syrup 
solution  at  levels  of  5,  10  or  25  uCi/ml  resulted  in  well  labelled  sporo- 
zoites with  little  apparent  effect  in   thfeir  infectivity.   The  feeding  of 
higher  levels  of  tritiated  adenine  suppressed  both  sporozoite  production  and 
infectivity  of  sporozoites.   The  tritiated  purines  are  incorporated  in  both 
nuclear  and  cytoplasmic  regions  of  sporozoites.   The  degree  of  labelling, 
as  evidenced  by  the  numbers  of  grains  associated  with  individual  sporozoites 
on  autoradiographs,  was  related      to  the  level  of  isotope  fed  to  mosquitoes. 
When  low  levels  of   isotope  were  fed,  both  the  percentage  of  sporozoites  with 
associated  grains  and  the  average  degree  of  labelling  can  be  increased  by 
extending  the  time  of  exposure  to  the  photographic  emulsion- -which  ordinarily 
ranges  from  about  7  to  21  days. 


Significance  to  Biomedical   Research  and  the  Program  of  the  Institute: 

The  greatest  gap  in  our  knowledge  of  the  life  cycle  of  the  malaria 
parasite  involves  the  mechanism  by  which  relapses  occur.   The  generally 
accepted  explanation  involving  the  reinvasion  of  hepatic  cells  by  merozoites 
liberated  from  the  exoerythrocytic  cycle  is  not  proven.   More  recently,  it 
has  been  suggested  that  relapses  may  result  from  some  sporozoites  that  remain 
dormant  for  long  periods  of  time  within  the  hepatic  parenchemal   cells  before 
developing  into  exoerythrocytic  forms.   To  date,  these  latent  forms  have  not 
been  demonstrated,  possibly  because  of  their  small  size  and  similarity  to 
the  cytoplasm  of  liver  cells  in  stained  preparations.   It  is  hoped  that  the 
present  study  will  determine  whether  late  EE  forms  in  P.  vivax  and  P.  ovale 
are  due  to  slow  development  from  sporozoites  of  from  invasion  of  merozoites 
from  the  primary  EE  form  to  ftie  secondary  EE  forms.   The  results  of  this 
study  should  be  of  great  importance  in  the  chemotherapy  of  hepatic  schizonts 
(causal  prophylaxis  and  radical  cure).   In  addition,  radio-labelled  sporo- 
zoites should  be  of  value  in  sporozoite  immunization  studies  to  locate  the 
site  of  antigenic  stimulation. 

Proposed  Course  of  the  Project:   These  studies  will  be  continued  with 
major  emphasis  on  the  location  of  labelled  sporozoites  in  tissue  and  following 
the  development  of  labelled  sporozoites  in  the  mammalian  host,  especially  in 
monkeys  infected  with  P.  cynomolgi,  in  an  attempt  to  demonstrate  latent 
forms  which  may  be  responsible  for  relapses  in  this  vivax- type  malaria. 
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Publications : 


Jacobs,    R.    L. ,    Miller,    L.    H. ,    and   Koontz,    L.    C. :      Labeling   of  malaria 
sporozoites    (Plasmodium  berghei)   with   tritrated   purines.      J.    Parasit. 
(In  press) . 
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Serial  No.  NIAID  132-G 

1.  Parasitic  Diseases 

2.  Malaria 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:   Mononuclear  phagocyte  activity  in  malaria. 

Previous  Serial  Number:   None 

Principal  Investigator:   David  J.  Wyler 

Other  Investigators:   Louis  H.  Miller;  John  Gallin  (LCI) 

Cooperating  Units:   Southern  Research  Laboratories,  Birminham,  Alabama 

(Dr.  Leon  Schmidt) 

Man  Years: 


I 


NIAID 
Lab.  Staff 


Otha:  NIH 
Personnel 
Assigned  to 
Project 


Guest 
Worker 


Total 


Total 

7/12 

7/12 

Professional 

6/12 

6/12 

Other 

1/12 

1/12 

Project  Description: 

Objectives :   Histopathologic  and  physiologic  observation's  by 
ourselves  and  others  implicate  an  important  function  for  the  spleen  in 
host  defense  in  malaria  infection.   Several  lines  of  approach  have  been 
initiated  to  further  investigate  the  role  of  the  spleen  specifically,  and 
mononuclear  phagocyte,  generally  in  malaria. 

Methods  Employed:  (1)   Collaborates  studies  (with  Dr.  Schmidt)  will 
collate  existing  data  on  the  effect  of  splenectomy  on  host  defense  in 
simian  malaria  models.   (2)   Spleens  from  P.  berghei  infected  mice  are 
being  studied  for  their  content  of  a  substance,  not  present  in  normal  spleens 
which  is  chemotactic  for  monocytes.   (3)   Monocyte  kinetics  is  being 
studied  in  the  P.  berghei-mouse  model,  particularly  with  respect  to  splenic 
localization  of  these  cells. 
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Ma  ior  Findings  :   (1)   A  chemotactic  substance  is  present  in  malarious 
spleens  of  mice  and  rhesus  monkeys  at  least  as  early  as  one  week  after 
infection,  and  disappears  several  weeks  after  treatment.   (2)   Monocytes 
rapidly  accumulate  in  mouse  spleen,  doubling  their  number  as  early  as 
48  hours  after  infection. 


"1 


Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute  : 

Malaria  provides  an  excellent  model  for  investigating  splenic 
function  in  intravascular  infections,  an  area  that  is  so  far  poorly  understood, 
Furthermore,  the  monocyte  chemotactic  substance  found  in  malarious  spleens 
may  prove  to  represent  the  first  i^  vivo  model  of  a  functional  role  for  these 
substances,  and  may  have  broad  implications  in  the  mechanism  of  splenomegaly 
and  recruitment  of  phagocytes  in  intravascular  infections. 

The  study  of  monocyte  kinetics  in  malaria  may  provide  a  system  in 
which  the  relationship  of  the  spleen  to  bone  marrow  function  and  circulating 
monocyte  can  be  studied. 

Proposed  Course  of  the  Project:   In  addition  to  investigating  these 
problems,  we  eventually  plan  to  study  different  monocyte  populations 
in  vitro  with  regard  to  phagocytic  and  killing  functions  of  these  cells  in 
malaria . 
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Serial  No.  NIAID  132-H 

1.  Parasitic  Diseases 

2.  Malaria 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1973 


Project  Title:   Studies  of  cell-mediated  immunity  (CMI)  in  human 
malaria . 

Previous  Serial  Number:   133-E 

Principal  Investigator:   David  J.  Wyler 

Other  Investigators:   Richard  Smith  (NCI),  Robert  Tigelaar  (LMI), 

Leonard  Altman  (NIDR)  and  Louis  H.  Miller 

Cooperating  Units;   University  of  Maryland  (Dr.  David  Clyde);  Maryland 

House  of  Correction  (Jessup) ;  Howard  University  Student 
Health  Services  (Dr.  Samuel  McCottry) ;  District  of 
Columbia  Veterans  Administration  Hospital  (Dr.  Richard 
Knauft) . 


I 


F  Man  Years 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned  to 
Project 


Guest 
Worker 


Total 


Total 

7/12 

7/12 

Professional 

6/12 

6/12 

Other 

1/12 

1/12 

Project  Description: 

Objectives :   To  continue  investigations  into  various  aspects  of  cell- 
mediated  immunity  in  patients  with  previous  malaria  infections. 

Methods  Employed :   Peripheral  blood  lymphocytes  from  patients  are 
cultured  in  the  presence  of  an  antigen  preparation  from  erythrocytes  infected 
with  P.  falciparum,  and  proliferative  response  and  lymphokine  production 
(MIF  and  CTX  factor)  are  measured  as  in  vitro  correlates  of  CMI.   The 
lymphocyte  type  (T  or  B  cell)  proliferating  in  response  to  antigen  is 
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determined  by  post-culture  rosetting  of  cells  with  appropriate  markers  or 
pre-culture  separation  of  T  and  B  cells  to  provide  a  relatively  pure  starting 
population. 

Attempts  to  determine  if  immunodepression  at  a  cellular  level  occurs 
during  patent  malaria  infection  is  underway,  employing  these  techniques. 
Furthermore,  preliminary  studies  have  been  initiated  to  determine  if  malaria 
parasites  contain  antigens  cross-reacting  with  human  HL-A  antigens. 

Major  Findings:   (1)   Studies  described  in  previous  serial  number 
NIAID  133-E  (1972-73)  were  discontinued  when  extensive  efforts  to  ellicit 
lymphoproliferative  response  or  delayed  hypersensitivity  to  malaria  antigen 
in  the  rhesus  monkey  were  inconsistent. 

(2)  Fifteen  patients  and  nine  controls  were  studied  with  in  vitro 
methods  and  a  specific  and  prominent  lymphoproliferative  response  was 
ellicited  in  patients  but  not  controls  by  lower  concentrations  of  malaria 
antigen.   A  non-specific  proliferative  response,  probably  representing 
mitogenic  activity,  was  noted  with  higher  concentrations  of  antigen  in 
controls  and  cord-blood  lymphocytes  as  well.   Evidence  to  date  suggests 
that  both  T  and  B  cells  are  involved  in  proliferation. 

(3)  Preliminary  studies  suggest  that  a  lympokine  chemotactic  for 
monocytes  is  specifically  released  from  human  lymphocytes  cultured  in  the 
presence  of  malaria  antigen. 

Significance  to  Bio-m.edical  Research  and  the  Program  of  the  Institute: 

Recent  developments  in  basic  immunology  can  be  applied  to  the  study 
of  malaria  in  a  hope  to  better  understand  this  complex  disease,  with  an 
eye  to  eventual  development  of  a  vaccine. 

Proposed  Course  of  the  Project:   (1)   Plans  are  underway  for  studying 
CMI  in  an  endemic  population  with  respect  to  the  questions  of  immunosuppression 
during  patent  infection  and  characterization  of  CMI  status  of  the 
population  in  several  age  groups.   (2)   Lymphokine  production  will  be  studied 
further.   (3)   The  relation  of  HL-A  genetics  and  response  to  the  non-specific 
response  in  normals  will  be  studied. 

Publications : 


Wyler,  D.J,  and  Oppenheim,  J.J.   Lymphocyte  transformation  in  human 
Plasmodium  falciparum  malaria,   J.  Immunol,   (in  Press  )  1974, 

Wyler,  D.J.   Lympocyte  transformation  in  human  falciparum  malaria. 
Clin.  Res.,  22:   457A,  1974. 
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Project  Title: 


Serial  No.   NIAID  m 

1.  Parasitic  Diseases 

2.  Malaria-Primate  and  Human 

Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Susceptibility  of  Anopheline  Mosquitoes  to  Simian  and 
Human  Malaria  Infections  and  Their  Ability  to  Transmit 
to  Simian  Hosts 


Previous  Serial  Number: 

Principal  Investigators:   William  E.  Collins 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years: 


I 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned 
to  Project 


Guest 
Workers 


Total 


Total 

57/12 

57/12 

Professional 

6/12 

6/12 

Other 

51/12 

51/12 

Project  Description: 

Objectives:   (1)  To  determine  the  relative  susceptibility  of  anopheline 
mosquitoes  to  simian  and  human  malaria  infection;   (2)   to  determine  the 
rate  and  degree  of  parasite  development  within  various  mosquito  hosts;  (3) 
to  attempt  transmission  of  the  various  simian  malarias  to  a  wide  spectrum 
of  simian  hosts  by  the  bites  of  infected  mosquitoes. 

Methods  Employed:   Isolates  of  simian  malaria  are  maintained  either 
in  monkey  hosts  or  in  the  frozen  state  for  use  in  transmission  studies. 
Various  species  of  Anopheles  mosquitoes  are  allowed  to  feed  on  simian  hosts 
infected  with  Plasmodium  brasilianum,  P^.  cynomolgi,  P^.  coatneyi,  P^.  fieldi, 
£.  simiovale,  P.  simium,  P.  fragile,  V_.    gonderi,  P^.  knowlesi,  P.  inui, 
P^.  falciparum,  P^.  vivax  and  P^.  malariae.   Infection  potential  to  a  given 
mosquito  species  of  a  given  malaria  strain  in  a  variety  of  hosts  is 
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determined  and  transmission  is  made  by  direct  mosquito  bites  or  by  the 
intravenous  inoculation  of  sporozoites. 

Major  Findings:   During  the  year  there  were  284  inoculations  of 
parasitized  blood  and  178  inoculations  of  viable  sporozoites  into  462 
monkeys.   Of  these,  380  resulted  in  patent  parasitemias.   A  total  of  2,687 
lots  of  mosquitoes  were  fed  on  these  animals.   54,868  mosquitoes  were 
dissected  and  examined  for  the  presence  of  oocysts  on  the  guts  and  785  for 
the  presence  of  sporozoites  in  the  salivary  glands.   Sporozoite  transmission 
was  obtained  to  114  monkeys  which  included  P^.  cynomolgi,  P^.  fragile, 
P^.  knowlesi,  P_.  coatneyi,  P^.  gonderi,  P^.  inui,  £.  vivax  and  P^.  falciparum. 
Transmissions  were  obtained  using  Anopheles  freeborni,  A.  maculatus, 
A.  _b.  balabacensis  and  A.  albimanus  mosquitoes. 

The  Aotus  trivirgatus  monkey  was  shown  to  be  susceptible  to  P^.  fragile, 
a  parasite  biologically  similar  to  P^.  falciparum  and  to  F_.    knowlesi  via 
mosquito  feeding.   Plasmodium  cynomolgi  infections  were  established  by  the 
inoculation  of  parasitized  blood.   Other  simian  malarias,  P^.  coatneyi,  P^. 
fieldi,  and  P^.  gonderi  could  not  be  transmitted  to  this  host. 

Infection  of  mosquitoes  on  recurring  peaks  in  the  parasitemias  of 
P^.  vivax  in  Aotus  monkeys  indicated  that  sporozoite  induced  infections 
would  more  readily  infect  mosquitoes  than  would  blood  induced  and  that 
delayed  splenectomy  resulted  in  higher  levels  of  mosquito  infection  than 
were  obtained  by  feeding  on  intact  or  presplenectcmized  monkeys. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

This  project  was  part  of  an  integrated  program  of  the  Laboratory  of 
Parasitic  Diseases  in  the  study  of  simian  malaria  in  monkeys  and  its 
relationship  to  man  and  human  malaria.   A  clean-cut  delineation  of  the 
parasite-vector  relationship  is  essential  for  varied  species  of  simian 
malaria,  simulating  all  of  the  human  species  in  life  pattern  and  morphology, 
to  carry  on  significant  studies  on  the  chemotherapy,  immunology  and  other 
aspects  of  malaria  research. 

Proposed  course  of  the  Project:   These  studies  have  been  terminated. 

Publications: 

Collins,  W.E.,  Contacos,  P.G.  ,  Stanfill,  P.S.,  and  Richardson,  B.B.: 
Studies  on  human  malaria  in  Aotus  monkeys.  I.  Sporozoite  transmission  of 
Plasmodium  vivax  from  El  Salvador.   J.  Parasit. ,  59:   606-608,  1973. 

Collins,  W.E.,  Neva,  F.A. ,  Chaves-Carballo,  E. ,  Stanfill,  P.S.,  and 
Richardson,  B.B.:   Studies  on  human  malaria  in  Aotus  monkeys.   II. 
Establishment  of  a  strain  of  Plasmodium  falciparum  from  Panama.   J^.  Parasit.  , 
^:  609-612,  1973.  ~ 
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Collins,  W.E.,  Miller,  L.H,,  Glew,  R.H. ,  Contacos,  P.G.,  Howard, 
W.A. ,  and  Wyler,  D.  J.:   Transmission  of  three  strains  of  Plasmodium 
falciparum  from  monkey  to  man.  £.  Parasit. ,  59:   855-858,  1973. 

Collins,  W.E.,  and  Contacos,  P.G. :   Malaria  relapse  mechanism.   Trans. 
Roy.  Soc.  Trop.  Med.  Hyg.  67;   617-618,  1973. 

Collins,  W.E.,  Stanfill,  P.S.,  Skinner,  J.C.,  Harrison,  A.J.,  and 
Smith,  C.S.:   Studies  on  human  malaria  in  Aotus  monkeys.   IV.   Development 
of  Plasmodium  falciparum  in  two  subspecies  of  Aotus  Trivirgatus.   J^.  Parasit. 
(In  Press) . 
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Collins,  W.E.,  Skinner,  J.C.,  Richardson,  B.B.,  Stanfill,  P.S.,  and 
Contacos,  P.G.:   Studies  on  human  malaria  in  Aotus  monkeys.   V.  Blood- 
induced  infections  of  Plasmodium  vivax.   J.  Parasit.   (In  Press). 

Collins,  W.E.  and  Contacos,  P.G. :   Observations  of  the  relapse 
activity  of  Plasmodium  simiovale  in  the  rhesus  monkey.   J.  Parasit.  (In 
Press) . 
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Collins,  W.E.,  Stanfill,  P.S.,  Richardson,  B.B.,  and  Smith,  C.S.: 
Transmission  of  Plasmodium  fragile  to  Aotus  trivirgatus  monkeys.   J^. 
Parasit.   (In  Press) . 

Omar,  M.S.  and  Collins,  W.E.:  The  antimalarial  activity  of  RC-12 
against  gametocytes  and  sporogony  of  Plasmodium  cynomolgi.  Trans .  Roy. 
Soc.  Trop.  Med.  Hyg.   67:  423-424,  1973. 

Omar,  M.S.,  Collins,  W.E.  and  Contacos,  P.G. :   Gametocytocidal  and 
sporontocidal  effects  of  antimalarial  drugs  on  malaria  parasites.   I. 
Effects  of  single  and  multiple  doses  of  primaquine  on  Plasmodium  cynomolgi. 
Exp.  Parasitol.   34:   229-241,  1973. 

Omar,  M.S.,  Collins,  W.E.,  and  Contacos,  P.G.:   Gametocytocidal  and 
sporontocidal  effects  of  antimalarial  drugs  on  malaria  parasites.   II. 
The  action  of  the  folic  reductase  inhibitors,  chloroguanide  and  pyri- 
methamine against  Plasmodium  cynomolgi.   Exp.  Parasitol.   (In  press). 

Omar,  M.S.  and  Collins,  W.E.:   Studies  on  the  antimalarial  effects 
of  RC-12  and  WR  14,997  on  the  development  of  Plasmodium  cynomolgi  in 
mosquitoes  and  rhesus  monkeys.   Am.  J^.  Trop.  Med.  Hyg.  23:   339-349,  1973. 
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Serial  No.      NIAID    133-A 


1 


1.  Parasitic  Diseases 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Studies  of  the  Exoerythrocytic  Stages  of  Primate  Malaria 

Previous  Serial  Number:   NIAID  133-A 

Principal  Investigators:   William  E.  Collins 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years: 


i 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned 
to  Project 


Guest 
Workers 


Total 


Total 

23/12 

23/12 

Professional 

3/12 

3/12 

Other 

20/12 

20/12 

If 


Project  Description: 

Objectives:   (1)   To  describe  the  exoerythrocytic  (EE)  stages  of 
species  and  strains  of  malaria  in  which  they  have  not  previously  been 
described;  (2)   to  study  the  histochemical  reaction  of  EE  bodies;  (3)  to 
study  the  prophylactic  and  curative  effects  of  antimalarial  drugs  on  the 
EE  stages  of  malaria  parasites  and  to  determine  the  morphologic  alterations 
within  the  EE  stages  due  to  antimalarial  drugs. 

Methods  Employed:  Exoerythrocytic  forms  are  produced  in  a  new  host 
by  transmission  through  a  mosquito  vector  from  a  previous!^  infected  host. 
This  is  accomplished:   (1)  by  mosquito  bite;   (2)  by  direct  inoculation 
of  the  sporozoites  into  the  liver;  or  (3)  by  intravenous  inoculation  of 
sporozoites. 

Livers  are  biopsied  on  selected  days  after  exposure  or  following 
drug  therapy.   Biopsies  are  processed  after  paraffin  imbedding  and  stained 
with  Giemsa. 
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Major  Findings:   Thirty-seven  liver  biopsies  were  made  in  two  species 
of  non-human  primates  in  attempts  to  find  ezoerythrocytic  (EE)  stages  of 
five  species  of  malaria  parasites.   Sixteen  of  these  were  shown  to  contain 
EE  bodies. 

A  concerted  effort  (21  biopsies)  was  made  to  find  and  describe  the 
EE  stages  of  _P.  fragile.   Seven  8,  9  and  10  day  forms  were  found. 
Additional  samples  of  the  8-day  EE  forms  of  P^.  vivax  in  the  Aotus  monkey 
were  also  found. 

Proposed  Course  of  the  Project:   This  project  has  been  terminated. 

Publications: 

Collins,  W.E.,  Contacos,  P.G.,  Jumper,  J.R.,  Smith,  C.S.,  and 
Skinner,  J.C:   Studies  on  the  exoerythrocytic  stages  of  simian  malaria. 
VIII.   Plasmodium  knowlesi.   J.  Parasit.  59:   344-352,  1973. 

Krotoski,  W.A. ,  Collins,  W.E.  and  Jumper,  J.R. :   Detection  of  early 
schizonts  of  Plasmodium  cynomolgi  by  immunofluorescence.  Am.    J_.    Trop. 
Med.  Hyg.  22:   443-451,  1973. 

Collins,  W.E.,  Contacos,  P.G.,  Jumper,  J.R. ,  Smith,  C.S.,  and  Skinner, 
J.C:   Studies  on  human  malaria  in  Aotus  monkeys.   III.   Exoerythrocytic 
stages  of  the  Salvador  II  strain  of  Plasmodium  vivax.   J^.  Parasit.   59: 
859-866,  1973. 
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Serial  No.   NIAID  133-B 

1.  Parasitic  Diseases 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 
Individual  Project  Reports 
July  1,  1973  through  June  30,  1974 

Project  Title:   Immuno-ecology  of  Primate  Malaria 

Previous  Serial  Number :   Same 

Principal  Investigators:  William  E.  Collins 

Other  Investigators:   None 

Cooperating  Units:   Central  America  Malaria  Research  Station,  El  Salvador 

Man  Years: 


jL 


if 


NIAID 
Lab,  Staff 


Other  NIH 
Personnel 
Assigned 
To  project 


Guest 
Workers 


Total 


I 


Total 


13/12 


13/12 


Professional 


3/12 


3/12 


Other 


10/12 


10/12 


Project  Description: 

Objectives:  To  explore  the  total  ecology  of  malaria  and  to 
correlate  circulating  antibodies  with  the  presence  of  parasites  and  to 
orient  both  of  these  factors  with  transmission  cycles,  level  of  endemicity, 
and  clinical  disease. 

Methods  Employed:  Blood  samples,  on  filter  paper,  are  collected 
from  human  populations  in  areas  endemic  for  malaria.   These  specimens  are 
mailed  back  to  the  central  laboratory  in  Chamblee,   Georgia  for  determina- 
tion of  fluorescent  antibody  titers.   The  accompanying  field  studies  vary 
in  scope,  but  wherever  possible  the  following  investigations  are  carried 
out:   (1)  Giemsa-stained  blood  films  of  the  human  population  for  parasite 
rates  and  species  identification;  (2)  surveys  for  malaria  parasites  in 
mammals  other  than  man;  and  (3)  studies  on  the  anopheline  fauna,  including 
identification,  seasonal  distribution,  biology  and  malaria  infection  rate. 
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Major  Findings:  Project  terminated. 
Proposed  Course  of  the  Project:   Terminated. 
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1.  Parasitic  Diseases 

2.  Primate  &  Human  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:   Fluorescent  Antibody  Studies  in  Simian  and  Human  Malaria 

Previous  Serial  Number:   Same 

Principal  Investigator:   William  E.  Collins 

Other  Investigators:  None 

Man  Years : 


i 


NIAID 

Other  NIH 

Guest 

Lab.  Staff 

Personnel 
Assigned 
to  Project 

Workers 

Total 


Total 

3/12 

3/12 

Professional 

1/12 

1/12 

Other 

2/12 

2/12 

J 


Project  Description: 

Objectives:   (1)   To  determine  the  development  and  long-term 
persistence  of  specific  antibody  in  malaria- infected  humans  and  monkeys; 
(2)   to  study  the  immunologic  relationships  between  the  different  species 
of  human  and  simian  malarias;  and  (3)  to  determine  the  effect  of  biological 
and  surgical  immunosuppression  on  the  development  and  persistence  of 
antibody  reactions. 

Methods  Employed:  Serum  samples  are  taken  from  patients  and 
animals  prior  to  infection  and  at  regular  intervals  thereafter  to  determine 
by  fluorescent  antibody  methods  the  rate  of  specific  antibody  production 
and  the  persistence  and  titer  of  antibody  during  the  months  and  years 
following  termination  of  the  malaria  infection.   Animals  having  past 
malarial  infection  are  challenged  with  heterologous  species  and  strains 
of  Plasmodium  sp.  and  the  immunologic  response  studied  by  the  fluorescent 
antibody  technique.   Animals  are  given  curative  and  subcurative  treatments 
with  antimalarial  drugs  and  the  effect  measured  using  the  FA  technique. 
Animals  splenectomized  or  otherwise  surgically  treated  before  and  after 
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infection  are  studied  In  regard  to  the  FA  response.  Sera  from  patients 
infected  with  malaria  are  studied  using  the  specifically  labeled  immune 
globulins  to  determine  the  patterns  of  response  to  each. 

Major  Findings;   Project  terminated 

Proposed  Course  of  the  Project;   Terminated. 
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Serial  No.   NIAID  133-D 

1.  Parasitic  Diseases 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Immunological  Studies  on  Primate  Malaria 

Previous  Serial  Number:   133-D 

Principal  Investigators:   William  E.  Collins 

Other  Investigators :   None 

Cooperating  Units:   Dr.  Peter  G.  Contacos,  Center  for  Disease  Control, 

Atlanta,  Georgia 

Man  Years : 


i 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned 
to  Project 


Guest 
Workers 


Total 


Total 

26/12 

26/12 

Professional 

2/12 

2/12 

Other 

24/12 

24/12 

Project  Description: 

Objectives:   (1)   To  evaluate  the  possibilities  for  effective 
biologic  prophylaxis  against  malaria;   (2)   to  analyze  the  antigenic 
composition  of  various  species  and/or  strains  of  simian  malaria;  and  (3) 
to  localize  (insofar  as  possible)  the  morphological  and/or  antigenic 
unit(s)  principally  responsible  for  specific  immunof luorescent  reactions 
following  naturally  acquired  malarial  infections. 

Methods  Employed:   For  the  antigenic  analysis  and  the  active 
immunization  studies,  purified  parasite  suspensions  are  obtained  from 
monkeys  at  the  time  of  peak  parasitemia.   Monkeys  are  actively  immunized 
with  protein  extracts,  with  intact  parasitized  erythrocytes,  or  with  intact 
parasites  freed  from  the  red  blood  cell  by  lysis,  with  fractions  of 
hemolysates  from  parasitized  erythrocytes,  or  with  residue  of  extracted 
ruptured  parasites.   After  a  suitable  period  of  time,  the  monkeys  are 
challenged  with  malaria.   Presence  of  antibody  in  the  serum  of  the 
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immunized  animals  is  confirmed  by  indirect  FA  and  immunoelectrophoresis. 
Antigenic  composition  of  the  various  preparations  is  studied  by  immuno- 
electrophoresis . 

Major  Findings:   Studies  were  completed  on  the  use  of  a  heat  stable 
(100°C)  serum  soluble  antigen  (SSA-S)  of  P^.  knowlesi  for  immunization  of 
Macaca  mulatta  monkeys.   Total  antigen  concentrations  of  less  than  10  mg. 
or  greater  than  40  mg.  were  ineffective.   Although  immunization  resulted 
in  increased  survival  rates  and  reduced  peak  parasitemias,  the  results 
were  inconsistent.   This  antigen,  by  itself,  appears  unsatisfactory. 


Studies  were  made  on  the  transfer  of  spleen  cells  from  monkeys 
immune  to  P^.  knowlesi  to  normal  animals.   The  mortality  rate  and  mean  peak 
parasitemias  were  higher  in  these  animals  (8)  than  in  control  monkeys 
inoculated  with  a  like  number  of  cells  from  normal. uninfected  monkeys. 

Proposed  Course  of  the  Project:   The  studies  have  been  terminated. 
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Serial  No.   NIAID  133-E 

1.  Parasitic  Diseases 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Study  of  Cell-mediated  Immunity  (CMI)  in  Simian  Malaria 

Previous  Serial  Number:   Same 

Principal  Investigator:   Dr.  David  J.  Wyler;  Dr.  Wyler  transferred  from 

Chamblee,  Georgia  to  Bethesda,  Md. 


n 


Please  see  Project  No.  NIAID  132-H 
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1.  Parasitic    Diseases 

2.  Primate  Malaria 

3.  Chamblee,   Georgia 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:   The  role  of  malaria  in  the  induction  of  lymphoma  by 
Epstein-Barr  virus  (EBV) . 

Previous  Serial  Number:   Same 

Principal  Investigators:   Franklin  A.  Neva,  Louis  H.  Miller,  and  David  J. 

Wyler 

Other  Investigators:   William  E.  Collins 

Cooperating  Units:   M.  A.  Epstein,  Department  of  Pathology,  University  of 

Bristol,  Bristol,  England 

Man  Years: 


I 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned  to 
Project 


Guest 
Worker 


Total 


Total 

2/12 

2/12 

Professional 

1/12 

1/12 

Other 

1/12 

1/12 

Project  Description: 

Objectives:   (1)   To  determine  whether  lymphoma  can  be  induced  in 
monkeys  by  inoculation  with  EBV  and  malaria  parasites;  (2)   to  determine  what 
role  malaria  plays  in  the  oncogenesis  of  Burkitt's  lymphoma;  (3)   to  establish 
an  in  vitro  culture  line  of  any  tumor  that  so  arises. 

Methods  Employed:   Three  groups  of  owl  monkeys  (Aotus  trivirgatus) 
were  inoculated  with  EBV-containing  lymphoblastoid  cells,  either  on  the  same 
day  as,  or  nine  or  twenty-five  days  following  blood-induced  infection  with 
Plasmodium  simium.   Baseline  and  multiple  post-inoculation  serum  specimens 
were  obtained  for  determination  of  titers  of  anti-EBV  antibodies.   Daily 
parasite  counts  were  made. 
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Major  Findings:  Since  inception  of  this  study,  it  has  been 
subsequently  observed  that  none  of  the  monkeys  inoculated  with  EBV 
become  sero-positive  for  the  virus. 

Proposed  Course  of  the  Project:   This  project  has  been  terminated. 
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1.  Parasitic  Diseases 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Studies  on  Game to genes is  and  the  Infectivity  of  Primate 
Malarias  to  Mosquitoes 

Previous  Serial  Number:   133-G 

Principal  Investigators:   Robert  W.  Gwadz 

Other  Investigators:   William  E.  Collins 

Cooperating  Units :   None 

Man  Years : 


!  f 


I 


I 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned 
to  Project 


Guest 
Workers 


Total 


Total 

16/12 

16/12 

Professional 

6/12 

6/12 

Other 

10/12 

10/12 

Project  Description: 

Objectives:   To  determine  factors  which  regulate  gametogenesis  and 
viability  of  gametes  in  various  human  and  simian  malarias. 

Methods  Employed:   The  viability  and  infectivity  of  Plasmodium  sp. 
are  being  studied  in  various  anopheline  mosquitoes  and  in   vitro  with 
particular  reference  to  "gamete-specific"  host  immunity.   A  membrane  blood- 
feeding  system  is  being  utilized  to  measure  the  effects  of  various  blood 
components  on  the  infectivity  of  gametocytes  to  mosquitoes. 

Plasmodium  falciparum  and  P^.  vivax  infections  in  Aotus  monkeys 
usually  produce  non- infectious  gametocytes  in  spite  of  continually  increas- 
ing parasitemias  and  gametocytemias;  consequently,  studies  of  these  parasites 
requiring  sporozoite  induced  infections  have  been  difficult  or  impossible. 

We  are  currently  employing  the  P^.  cynomolgi  rhesus  monkey  model 
system  to  study  those  factors  which  inhibit  or  enhance  the  infectivity  of 
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gametocytes. 

Major  Findings:   Gametocyte  infectivity  has  been  significantly 
increased  by  various  treatments  of  parasitized  blood  prior  to  feeding 
mosquitoes  through  membranes.   A  5-fold  increase  in  mosquitoes  infections 
has  been  achieved.   Parasitized  blood  cells  suspended  in  a  defined  medium 
are  also  highly  infectious. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  full  utilization  of  the  human  malaria/Aotus  monkey  models  for 
research  has  been  hampered  by  the  frequent  non- infectivity  of  gametocytes 
to  mosquitoes.   Improvement  of  gametocyte  Infectivity  would  significantly 
enhance  the  value  of  these  important  model  systems. 

An  understanding  of  "gamete-specific"  immunity  in  malaria  should 
provide  insights  into  some  of  the  basic  mechanisms  of  host  immunity  and 
cycles  of  host  infectivity.   "Gamete-specific"  immunization  may  also 
have  potential  for  interruption  of  transmission  in  malarious  areas. 


■ 


Proposed  Course  of  the  Project:   This  project  will  continue  and  be 
expanded  in  order  to  define  those  factors  which  enhance  or  suppress  gamete 
infectivity.   The  role  of  the  spleen  in  "gamete-specific"  immunity  and 
circadian  rhythms  of  gamete  infectivity  will  be  explored.   The  feasibility 
of  immunization  against  gametes  will  be  investigated. 
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1.  Parasitic  Diseases 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Effects  of  Chemosterilization  on  the  Development  and 
Transmission  of  Malaria  Parasites  in  Mosquitoes. 

Previous  Serial  Number:   133-H 

Principal  Investigators:   Mohamed  S.  Omar  and  William  E.  Collins 

Other  Investigators:   Robert  W.  Gwadz   •        . 

Cooperating  Units:   Entomology  Research  Division,  Agriculture  Research 

Service,  USDA,  Gainesville,  Florida 

Man  Years :  ■  •.  . 


I  f 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned 
to  Project 


Guest 
Workers 


Total 


Total 

12/12 

12/12 

Professional 

5/12 

5/12 

Other 

7/12 

7/12 

Project  Description: 

Objectives :   To  study  the  effects  of  chemosterilants  on  the  develop- 
ment of  malaria  parasites  in  various  anopheline  vectors  and  to  determine 
the  rate  of  malaria  transmission  by  chemosterilized  mosquitoes. 

Methods  Employed:   Various  malaria  parasites  are  used  m  this  study 
including  the  simian  parasites,  Plasmodium  cynomolgi,  P^.  gonderi  in  rhesus 
monkeys;  the  human  malaria  parasite,  P^.  vivax  in  owl  monkeys.   Sterilized 
mosquitoes  used  for  transmission  studies  are  Anopheles  freeborni,  A.  quadri- 
maculatus,  A.  maculatus  and  A.  albimanus.   Mosquitoes  were  sexually 


sterilized  by  dipping  pupae  for  1  to  4  hours  in  1%   aqueous  solution  of 
chemosterilant  p,  p,-bis  (l-aziridinyl)-N-methyl  phosphirothioic  amide 
(ENT-61585) .   Pupae  are  then  removed  from  the  sterilizing  solution  and 
rinsed  with  water  before  being  placed  in  emergency  containers.   Adult 
mosquitoes  were  fed  on  monkeys  infected  with  P^.  vivax  and  examined  for 
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subsequent  parasite  development. 

Major  Findings:   Anopheles  albimanus  and  A.  freeborni  responded 
differently  to  pupal  treatment  and  subsequent  adult  infection.   Virtual 
complete  sterility  of  A.  albimanus  and  A.  freeborni  was  obtained  after 
1-  and  4-hour  exposures  respectively.   The  difference  in  susceptibility 
between  sterilized  and  normal  mosquitoes  to  infection  with  P^.  vlvax  was 
more  pronounced  in  A.  albimanus  than  in  A.  freeborni.   The  overall  infection 
rate  of  treated  A.  albimanus  was  significantly  reduced  over  that  of  control 
mosquitoes.   The  infection  in  sterilized  mosquitoes  was  not  eliminated 
and  sporogony  of  P^.  vivax  was  completed  with  motile  sporozoites  in  the 
salivary  glands. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 


One  of  the  promising  aspects  in  bological  contro 
the  genetic  manipulation  of  insect  populations.  One  o 
is  the  sterile-male  release  technique  involving  steril 
of  laboratory-bred  males  to  compete  with  wild  males  in 
mating  with  female  mosquitoes.  Sterilization  of  mosqu 
achieved  either  by  X-radiation  or  by  the  use  of  chemos 
chemosterilant  used  for  treating  males  could  also  be  u 
dose  level  to  sterilize  female  mosquitoes  and  likewise 
the  development  of  malaria  parasites  within  the  mosqui 
would  have  obvious  advantage  in  genetic  control  operat 
of  the  exclusive  release  of  sterilized  males,  sexually 
could  also  be  released  in  the  field  without  the  potent 
increasing  the  incidence  of  malaria  transmission. 
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Proposed  Course  of  the  Project:   This  project  has  been  terminated. 
Publications: 


!  V 


Omar,  M.S.,  Collins,  W.E.  and  Gwadz,  R.W. 
vivax  in  chemosterilized  anopheline  mosquitoes. 
23:   334-338,  1974. 


Development  of  Plasmodium 
Am.  J^.  Trop.  Med.  Hyg. 
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Serial  No.   NIAID  133-1 

1.  Parasitic  Diseases 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Studies  on  the  Genetics  of  Vector  Capacity  of  Anopheline 
Mosquitoes  for  Primate  Malarias. 

Previous  Serial  Number:   133-K 

Principal  Investigators:   Robert  W.  Gwadz 

Other  Invesitgators:  William  E.  Collins 

Cooperating  Units:   None 

Man  Years: 


"M 


I 


i 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned 
to  Project 


Guest 
Workers 


Total 


Total 

15/12 

15/12 

Professional 

5/12 

5/12 

Other 

10/12 

10/12 

Project  Description: 

Objectives:   (1)   To  select  lines  of  mosquitoes  susceptible  or 
refractory  to  a  particular  species  of  primate  malaria;   (2)   to  determine 
the  mode  of  inheritance  of  susceptibility  to  this  particular  malaria;   (3) 
to  determine  susceptibility  of  the  selected  mosquito  line  or  lines  to 
various  geographic  strains  of  this  malaria  and  to  other  species  of  human 
and  simian  malaria;   (4)  to  determine  what  physiologic  factors  may  be 
involved  in  rendering  certain  mosquitoes  refractory  or  susceptible  to 
infection  with  human  and  simian  malarias. 

Methods  Employed:   Colonies  have  been  established  from  individual 
females  of  Anopheles  albimanus  susceptible  to  the  Gombok  strain  of  Plas- 
modium cynomolgi.   The  mode  of  inheritance  of  susceptibility  is  being 
determined  by  standard  methods  of  genetic  analysis. 


n 


109 


11 
1 


/ 


Serial  No.   NIAID  133~I 


Major  Findings:   Initial  attempts  to  select  strains  of  A. 
albimanus  susceptible  to  the  human  parasites,  P^.  vivax  and  P^.  falciparum 
have  been  hampered  by  significantly  reduced  and  unpredictable  gametocyte 
infectivity  in  the  Aotus  monkey  model.   Consequently  we  tested  a  number  of 
strains  of  P^.  cynomolgi  (a  vivax-like  parasite  of  monkeys)  for  infectivity 
to  A.  albimanus  and  found  the  Gombok  strain  to  be  moderately  infectious; 
all  other  strains  of  P^.  cynomolgi  failed  to  infect  A.  albimanus.   Selection 
of  A.  albimanus  for  susceptibility  to  the  Gombok  strain  is  underway. 


Significance  to  Biomedical  Research  and  the  Program,  of  the  Institute: 

Malaria  is  an  entomological  problem,  but  the  genetic  basis  for 
vectorial  capacity  is  poorly  understood.   Development  of  genetically 
defined  lines  of  mosquito  vectors  will  provide  important  tools  for  a 
variety  of  research  efforts. 


Susceptible  and  refractory  lines  will  provide  material  for  histo- 
chemical,  physiological  and  bio-chemical  investigations  into  the  nature  of 
the  mosquito-malaria  host-parasite  relationship. 

Refractory  lines  of  mosquitoes  should  prove  useful  in  biological 
control  schemes  involving  vector  displacement  or  genetic  manipulation  of 
vector  populations. 

Understanding  of  vector  genetics  will  facilitate  the  analysis  of 
populations  of  mosquitoes  pol5miorphic  with  respect  to  vector  capacity. 

Proposed  Course  of  the  Project:   These  studies  will  be  continued 
and  expanded  to  include  a  number  of  anopheline  species  and  their  relation- 
ships with  a  variety  of  human  and  simian  malarias. 


110 


Serial  No.   NIAID  133-L 

1.  Parasitic  Diseases 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Project  Title:   Role  of  Serum  Complement  in  Primate  Malaria 

Previous  Serial  Number :   Same 

Principal  Investigator:   Richard  H.  Glew 

Other  Investigators:  William  E.  Collins 

Cooperating  Units:   John  Atkinson  and  Michael  M.  Frank,  Laboratory  of 

Clinical  Investigation 

Man  Years : 


\\ 


t-*  1 


I 


NIAI 

D 

Other  NIH 

Guest 

Lab. 

Staff 

Personnel 
Assigned 
to  Project 

Workers 

Total 


Total 

3/12 

3/12 

Professional 

2/12 

2/12 

Other 

1/12 

1/12 

Project  Description: 

Objectives;   This  study  was  designed  to  determine  levels  of  serum 
complement  (generally  as  C'4)  during  the  course  of  infection  in  rhesus 
monkeys  with  Plasmodium  coatneyi.   In  addition,  an  attempt  was  made  to 
evaluate  the  possible  protective  role  of  serum  complement  in  the  host 
defenses  against  malaria  by  depleting  the  late  components  of  serum  comple- 
ment through  injections  of  cobra  venom  factor  into  the  monkeys. 

Proposed  Course  of  the  Project:   Terminated  (early  in  year 
because  of  closing  of  Chamblee  Unit) . 
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Project  Title: 


Serial  No.   NIAID  133-M 

1.  Parasitic  Diseases 

2.  Primate  Malaria 

3.  Chamblee,  Georgia 

PHS-NIH 

Individual  Project  Report 

July  1,  1973  through  June  30,  1974 

Induction  of  Quinine  Resistance  in  P^.  falciparum  in 
Aotus  Monkeys 


< 


t«s^ 


Previous  Serial  Number:   Same 

Principal  Investigator:   Richard  H.  Glew 

Other  Investigators:   Louis  H.  Miller  and  William  E.  Collins 

Cooperating  Units:   None 

Man  Years: 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned 
to  Project 


Guest 
Workers 


Total 


I 


Total 

5/12 

5/12 

Professional 

2/12 

2/12 

Other 

3/12 

3/12 

Project  Description: 

Objectives :   Experimental  induction  of  quinine  resistance  in 
Plasmodia  has  been  accomplished  only  in  P^.  berghei  (in  mice)  and  P^.  relictum 
(in  canaries) .   However,  studies  in  human  volunteers  by  this  Unit  suggested 
that  the  Colombia  (KSN)  strain  of  P^.  falciparum  acquired  decreased  sensi- 
tivity to  quinine  during  sequential  courses  of  increasing  days  of  quinine 
therapy.   Accordingly,  this  study  was  instituted  in  an  attempt  to  induce 
increasing  quinine  resistance  in  £.  falciparum  in  Aotus  monkeys. 


Proposed  Course  of  the  Project : 
because  of  closing  of  Chamblee  Unit) . 


Terminated.   (early  in  year 
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Serial   No.    NIAID   134 

1.  Parasitic   Diseases 

2.  Malaria 

3.  Bethesda,  Maryland 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:   Pathogenesis  of  the  malarial  paroxysm 

Previous  Serial  Number:   Same 

Principal  Investigator:   Franklin  A.  Neva 

Other  Investigators:   Michael  Frank,  M.D. ;  John  Atkinson,  M.D. ;  and 

Louis  H.  Miller,  M.D. 

Cooperating  Units:   Laboratory  of  Clinical  Investigation,  Section  on 

Medical  Parasitology,  NIAID 

Man  Years : 


\ 


NIAID 
Lab.  Staff 


Other  NIH 
Personnel 
Assigned  to 
Project 


Guest 
Worker 


Total 


Total 

4/12 

4/12 

Professional 

2/12 

2/12 

Other 

2/12 

2/12 

Project  Description: 

Objectives :   (1)   To  define,  with  greater  precision  than  has  been  done 
previously,  the  time  relationshio  of  parasite  development  to  onset  and 
subsequent  elements  of  the  malarial  paroxysm  and  (2)  to  determine  causative 
factors  in  the  genesis  of  fever  and  other  manifestations  of  the  malarial 
paroxysm. 

Methods  Employed:   Study  of  the  time  relationship  of  parasite 
development  to  the  onset  and  subsequent  elements  of  the  malarial  paroxysm 
is  limited  to  patients  with  naturally  occurring  or  induced  malaria  whose 
infections  exhibit  a  highly  synchronized  cycle  of  parasite  development 
and/or  a  well  synchronized  cycle  of  clinical  signs  and  symptoms.   Thin  blood 


113 


t 


ir 


^^1 


Serial  No.  NIAID  134 


smears  are  prepared  throughout  a  selected  paroxysm  at  15  to  30  minutes 
intervals  while  periodic  blood  specimens  are  taken  for  hematologic  and 
serologic  determinations,  and  body  temperature  is  monitored.   Subsequently, 
several  observers  independently  perform  parasite  differential  counts  on 
each  slide  by  recording  total  numbers  of  specified  parasite  forms  observed 
per  80,000  RBC ' s . 


Serum  complement  levels,  assayed  with  a  standardized  507,,  hemolytic 
endpoint  technique,  are  measured  at  sleeted  intervals  early  after  the  onset 
of  patent  malaria  as  well  as  late  in  the  illness  prior  to  treatment.   VThen 
possible,  a  paroxysm  during  the  primary  attack  as  well  as  during  a  relapse 
is  studied.   Special  effort  is  made  to  bracket  well-defined  fever  paroxysms 
with  complement  determinations  and  correlate  the  serum  complement  levels 
with  the  immune  status  of  the  host,  as  measured  by  the  IFA  and  CF  techniques, 
and  the  parasite  density. 

Attempts  to  demonstrate  a  transferable  pyrogen  and/or  other  biologically 
active  substances  involves  withdrawal  of  250  or  500  ml  of  blood  at  a  specified 
time  during  a  well -synchronized  paroxysm.   The  blood,  withdrawn  and  handled 
using  standard  blood  banking  procedures,  is  re-infused  in  the  same  patient 
as  whole  blood  or  component  fractions  after  the  patient  has  been  treated. 

Major  Findings:   (1)   The  study  on  alterations  in  serum  complement 
and  in  complement  components  during  paroxysms  of  P.  vivax  malaria  was 
submitted  for  publication.   Some  additional  work  since  last  year's  report 
revealed  that  the  consumption  of  C'  involved  only  or  mainly  early  components 
(CI,  C4  and  C2)  with  much  less  or  no  change  in  late  components  (C3  and  C6) . 
These  findings  parallel  those  occurring  in  the  rhesus  monkey  with  P.  coatneyi 
malaria.   (2)   Correlation  of  the  time-course  of  schizogony  with  fever  and 
other  events  of  the  malarial  paroxysm  has  not  yet  been  completed.   Some  of 
the  data  has  been  tabulated  and  it  appears  that  sufficient  material  from 
suitable  cases  is  available  to  complete  the  analysis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

From  work  of  others  being  submitted  for  publication  and  in  progress 
it  is  apparent  that  there  is  considerable  interest  in  the  role  of  complement 
in  malaria.   Our  studies  which  established  basic  factors  controlling  C 
changes  and  the  overall  pattern  will  be  useful  as  a  basis  for  future  work. 
The  observations  on  time-course  of  schizogony  in  relation  to  other  events 
of  the  paroxysm  have  been  helpful  in  establishing  exactly  when  specimens 
should  be  taken  in  efforts  to  demonstrate  pyrogens  or  other  mediators  of 
fever. 


Proposed  Course  of  Project:   Some  of  the  specimens  which  we  have  from 
this  study  could  probably  be  used  to  complete  some  aspects  of  the  study,  such 
as  demonstration  of  circulating  antigen  during  the  paroxysm.   Also,  complement 
utilization  in-vitro  may  be  investigated  as  well  as  selected  patients  at  the 
Clinical  Center. 
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Publicatrns : 

Neva,  F.A.,  Howard,  W.A.,  Glew,  R.H.,  Krotoski ,  W.A.,  Gam,  A. A., 
Collins,  W.E.,  Atkinson,  J. P.  and  Frank,  M.M.   Relationship  of  serum 
complement  levels  to  events  of  the  malarial  paroxysm.   J.  Clin.  Invest. 
(in  Press) . 
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Serial   No.    NIAID   134-A 

1.  Parasitic  Diseases 

2 .  Human  Malaria 

3.  Atlanta,  Georgia 


i 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


I  ' 


Project  Title:   Evaluation  of  Antimalarial  Drugs  and/or  Drug  Regimens 

Previous  Serial  Number:   Same 

Principal  Investigators:   Louis  H.  Miller  and  David  J.  Wyler 

Other  Investigators:   William  E.  Collins  and  Franklin  A.  Neva 

Cooperating  Units:   Department  of  Justice,  Bureau  of  Prisons 

Man  Years: 


NIAID 

Lab. 

Staff 


Other  NIH 
Personnel 
Assigned  to 
Project 


Guest 
Worker 


Total 


II 


Total 

18/12 

18/12 

Professional 

2/12 

2/12 

Other 

16/12 

16/12 

Project  Description: 

Objectives :   To  evaluate  standard  antimalarial  agents  as  well  as  new 
drugs  with  demonstrated  antimalarial  activity,  and  to  develop  acceptable 
regimens  for  their  use  in  the  treatment  of  human  malaria. 

Methods  Employed:   Healthy  inmate  volunteers  at  the  U.S.  Penitentiary, 
Atlanta,  Georgia,  are  fully  informed  of  the  risks  and  discomforts  of  malaria, 
and  are  not  subjected  to  coercion  or  excessive  inducements.   Volunteers  are 
under  the  24-hour  care  and  supervision  of  the  residence  investigators.   For 
the  evaluation  of  chemotherapeutic  agents,  volunteers  are  exposed  to  the 
bites  of  several  mosquitoes  infected  with  malaria.   Treatment  is  begun  after 
patent  parasitemia  is  demonstrated.   Volunteers  are  followed  with  daily  thick 
blood  smears  for  at  least  3  to  6  months  after  treatment. 
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Major  Findings:   The  efficacy  of  clindamycin,  a  slow  acting  anti- 
malarial, in  combination  with  a  rapid  acting  schizonticidal  drug,  quinine, 
was  determined  against  3  multidrug  resistant  strains  of  Plasmodium 
falciparum  (Cambodian  I,  Burma  (Thau)  and  Panama  II).   No  recrudescences 
occurred  after  treatment  with  quinine  650  mg  orally  every  8  hours  for  3  days 
and  clindamycin  450  mg  orally  every  6  hours  for  3  days,  when  administered 
either  simultaneously  or  sequentially  to  13  volunteers.   Quinine  alone  for 
3  days  was  not  curative  against  infections  with  these  strains.   During  a  3 
day  course  of  therapy,  blood  levels  of  quinine  or  clindamycin  were  not 
influenced  by  administration  of  the  other  drug. 


:!  M 


Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 


The  widespread  occurrence  of  multi-drug  resistant  Plasmodium  falciparum 
in  recent  years  has  stimulated  interest  in  the  search  for  additional  chemo- 
therapeutic  methods  and  drugs  against  malaria.   Our  studies  thus  far  have 
shown  that  clindamycin,  in  combination  with  quinine,  produced  radical  cure 
when  tested  against  multi-drug  resistant  P.  falciparum  from  Asia  and  Central 
America.   Clindamycin  appears  to  have  an  advantage  over  other  antibiotics 
tested  to  date  (tetracycline  and  minocycline)  in  that  clindamycin  may  require 
a  shorter  course  of  therapy  and  offers  another  compound  against  drug  resistant 
falciparum  malaria. 


I 


i 

■I 


Proposed  Course  of  the  Project:   The  studies  have  been  terminated  with 
the  closing  of  the  Federal  Penitentiary,  Atlanta,  Georgia.   The  efficacy  of 
clindamycin  to  date  warrants  further  studies  of  this  drug  in  other  malaria 
research  units  and  in  the  field 

Publications : 


Miller,  L.H. ,  Clew,  R.H.,  Wyler,  D.J.,  Howard,  W.A.,  Collins,  W.E., 
Contacos,  P.O.,  and  Neva,  F.A.   Evaluation  of  clindamycin  in  combination 
with  quinine  against  multidrug  resistant  strains  of  Plasmodium  falciparum. 
Amer.  J.  Trop.  Med.  Hyg.   (in  Press),  1974. 

Glew,  R.H.,  Miller,  L.H. ,  Collins,  W.E.,  Howard,  W.A.,  Wyler,  D.J., 
Chaves-Carballo,  E.,  and  Neva,  F.A.   Response  to  treatment  in  man  of  multi- 
drug resistant  Plasmodium  falciparum  from  Panama.   Amer.  J.  Trop.  Med.  Hyg. 
23:   1-7,  1974. 


\ 


Glew,  R.H.,  Briesch,  P.E.,  Krotoski,  W.A.,  Contacos,  P.G.,  and  Neva, 
F.A.   Multidrug  resistant  Plasmodium  falciparum  from  eastern  Colombia, 
(in  Press),  1974.   J.  Infect.  Pis. 

Miller,  L.H. ,  Wyler,  D.J.,  Glew,  R.H. ,  Collins,  W.E.,  and  Contacos, 
P.G.   Sensitivity  of  four  Central  American  strains  of  Plasmodium  vivax  to 
primaquine.   Amer.  J.  Trop.  Med.  Hyg.   (in  Press),  1974. 
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Miller,  L.H.   Transfusion  malaria,  in  Transmissible  Disease  and 
Blood  Transfusion.   Jamieson  and  Greenwalt  (ed.) 

Contacos,  P,G.,  Coatney,  G.R.,  Collins,  W.E.,  Briesch,  P.E.,  and 
Jeter,  M.H. :   Five  day  primaquine  therapy--an  evaluation  of  radical  curative 
activity  against  vivax  malaria  infection.  Am.  J.  Trop.  Med.  Hys .   22: 
693-695,  1973. 

Contacos,  P.G.,  Collins,  W.E.,  Chin,  W. ,  Jeter,  M.H. ,  and  Briesch, 
P.E.:   Combined  chloroquine--primaquine  therapy  against  vivax  malaria. 
Am.  J.  Trop.  Med.  Hyg.   23:   310-312,  1973. 

Collins,  W.E.,  Contacos,  P.O.,  and  Chin,  W. :   Experimental  infection 
in  man  with  Plasmodium  malariae.   Am.  J.  Trop.  Med.  Hyg.   22:   685-692,  1973. 
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Serial  No.   NIAID  67C 

1.  Laboratory  of  Parasitic 

Diseases 

2.  Pacific  Research  Section 
3-  Honolulu,  Hawaii 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  IS?'* 

Project  Title:   Studies  on  arboviruses  other  than  dengue 

Previous  Serial  Number:   Same 

Principal  Investigator:   Dr.  Robert  Tesh 

Other  Investigators:   Dr.  Leon  Rosen,  Dr.  Duane  Gubler 


T^ 


Man  Years: 

NIAID 

Staff 

Total : 

12/12 

Professional : 

12/12 

Other: 

0/12 

Cooperating  Units: 

Department  of 

University  of 

Middle  America 

tory,  Ancon,  C 

Yale  Universit 

U.S.  Naval  Med 

University  of 

Universi  ty  of 

Chi  Id  Growth  a 

Primitive  Cult 

Institute  of  1 

Md. 

Project  Description 

: 

Objectives 

Tropical  Medicine  and  Medical  Microbiology, 
Hawaii  School  of  Medicine,  Honolulu; 

Research  Unit  -  Gorgas  Memorial  Labora- 
anal  Zone;  Yale  Arbovirus  Research  Unit, 
y  School  of  Medicine,  New  Haven,  Conn.; 
ical  Research  Unit  No.  2,  Taipei,  Taiwan; 
California  Center  for  Medical  Research, 
Malaya,  Kuala  Lumpur,  Malaysia;  Study  of 
nd  Development  and  Disease  Patterns  in 
ures,  NINDS,  NIH;  U.S.  Army  Medical  Research 
nfectious  Diseases,  Fort  Detrick,  Frederick, 


1.  To  study  the  epidemiology  of  arthropod-borne  virus  infections  other 
than  dengue  of  public  health  importance  on  the  Pacific  islands  and  in  South- 
east Asia. 

2.  To  study  the  genetics  of  susceptibility  and  resistance  to  Chikun- 
gunya  virus  infection  in  selected  geographic  strains  of  Aedes  a  1  bop  ictus. 

3.  To  elucidate  the  epidemiology  of  sandfly  fever  through  serologic 
and  experimental  studies  of  viruses  comprising  the  Phlebotomus  fever  group. 


119 


\ 


i 


r. 


^^m^\ 


Serial  No.    NIAID  67C 


Methods  Employed 

Studies  of  experimental  arbovirus  infection  in  mosquitoes  after  intra- 
tiioracic  inoculation  or  feeding  were  done  utilizing  laboratory  colonies  of 
Aedes  albopictus  and  Culex  fatigans.   Culture  and  titration  of  insect  speci- 
mens were  done  in  tube  or  microplate  cultures  of  LLC-MK  and  Vero  cells. 
Plaque  neutralization  studies  of  human  sera  were  performed  in  microplate 
cultures  of  LLC-MK  or  Vero  Cells. 

Major  Findings 

Mosquito  genetics  studies  with  Chikungunya  virus 

Using  Chikungunya  as  a  model  of  arbovirus  infection,  11  different 
geographic  strains  of  A^.  albopictus  were  fed  a  standard  virus  dose. 
Susceptibility  of  the  various  strains  to  Chikungunya  oral  infection  varied 
from  10  to  80^.   Six  strains  were  subsequently  chosen  and  inbred  by  sibling 
matings  for  several  generations  in  an  attempt  to  select  out  resistant  and 
susceptible  lines.   Despite  intensive  inbreeding  of  offspring  from  infected 
or  non-infected  females,  it  has  not  been  possible  to  select  out  purely 
resistant  or  susceptible  lines.   In  fact,  the  percentage  of  infected  females 
in  each  subsequent  inbred  generation  has  shown  little  variation  from  the 
susceptibility  of  the  original  parent  stocks.   This  suggests  that  either 
susceptibility  and  resistance  to  oral  Chikungunya  infection  is  not 
genetically  determined  or  that  the  genetic  determinants  are  mul t if actoral 
and  thus  too  complex  to  demonstrate  in  this  type  of  experiment. 

In  studies  of  the  multiplication  of  Chikungunya  in  the  various  A.  albo- 
pictus  geographic  strains,  marked  quantitative  differences  in  the  amount  of 
virus  present  were  observed,  however.   For  example,  female  mosquitoes  from 
the  Hawaii  strain  consistently  yielded  6  to  8  logs  of  virus  one  week  after 
infection,  while  the  Viet  Nam  and  Malaysian  strains  yielded  several  logs 
less  after  the  same  incubation  period.   This  suggests  strain  differences 
(probably  genetic)  in  the  ability  to  replicate  and  possibly  to  transmit 
the  virus  within  the  same  mosquito  species. 

Serologic  studies  of  arbovirus  infection  among  human  population 
of  the  South  Pacific 

Several  thousand  human  sera  were  obtained  from  populations  living 
on  islands  in  the  South  Pacific  and  in  Southeast  Asia.   Preliminary  studies 
with  these  specimens  and  with  convalescent  sera  of  patients  with  Group  A 
arbovirus  infections  indicated  that  the  plaque  neutralization  method  was 
considerably  more  specific  for  identifying  Group  A  arbovirus  infections 
than  the  hemagglut inat ion- inhibi t ion  test  which  has  been  used  extensively 
in  the  past  in  serologic  surveys.   Using  the  plaque  neutralization  method, 
specific  antibodies  to  Chikungunya,  Ross  River  and  Sindbis  viruses  were 
identified.   Results  of  these  studies  indicate  a  high  prevalence  of  Ross 
River  neutralizing  antibodies  among  population  groups  living  in  West  Irian, 
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New  Guinea  and  several  of  the  Solomon  Islands.   Ross  River  virus  is  the 
presumed  etiologic  agent  of  epidemic  polyarthritis  and  has  not  been  reported 
occurring  outside  of  Australia.   Evidence  of  Chikungunya  infection  was  found 
in  human  populations  living  in  Malaysia,  Borneo,  Java,  Celebes,  and  the 
Philippines.   Antibody  rates  to  Sindbis  virus  were  generally  low,  and  no 
evidence  of  human  infection  with  Getah  or  Bebaru  viruses  was  found.   Work 
is  now  in  progress  to  attempt  to  map  the  geographic  distribution  of  these 
5  agents  in  the  South  Pacific,  based  on  the  prevalence  of  human  neutralizing 
ant  i bodies. 


Antigenic  relationships  among  Phlebotomus  fever  group  arboviruses 


These  studies  were 
investigator  at  the  Midd 
of  22  distinct  viral  age 
Asia,  and  tropical  Ameri 
group.  A  number  of  thes 
serologic  study  of  the  g 
complement  fixation,  and 
using  specific  hyperlmmu 
agents,  in  collaboration 
and  Yale  Arbovirus  Resea 
antigenic  relationships 
the  implications  of  thes 


a  continuation  of  those  begun  by  the  principal 
le  America  Research  Unit.   At  present,  a  total 
nts  from  Africa,  the  Medi terranean  region,  Central 
ca  are  included  in  the  Phlebotomus  fever  arbovirus 
e  agents  have  never  been  described  and  a  complete 
roup  has  not  been  done.   Cross-neutralization, 

hemagglut inat ion-inhibi t ion  tests  were  performed, 
ne  rodent  sera  prepared  against  each  of  the  22 

with  workers  at  the  Middle  America  Research  Unit 
rch  Unit.   A  manuscript  was  prepared  describing  the 
among  members  of  the  Phlebotomus  fever  goup  and 
e  data  for  the  epidemiology  of  sandfly  fever. 


Multiplication  of  Phlebotomus  fever  group  arboviruses  in  mosquitoes 

Twenty-two  Phlebotomus  fever  group  viruses  were  inoculated  intra- 
thoracically  into  A^.  albopictus  and  £.  fatigans.   Multiplication  in  one  or 
both  mosquito  species  was  demonstrated  with  8  of  the  agents.   Mean  titers 
of  positive  mosquitoes  inoculated  with  the  8  agents  and  maintained  at 
32°C  for  10  days  varied  from  I02-5  to  10^-3  plaque  forming  units  per  insect. 
Interestingly,  2  of  the  viruses  included  in  the  Phlebotomus  fever  group  have 
been  isolated  repeatedly  from  mosquitoes  but  never  from  sandflies,  sug- 
gesting that  the  Phlebotomus  fever  serogroup  is  composed  of  mosquito  as 
well  as  sandf ly-borne  agents. 

Neutralization  studies  of  sandfly  fever  convalescent  sera 

Convalescent  sera  from  sandfly  fever  (Sicilian)  human  volunteers, 
obtained  from  Fort  Detrick,  were  tested  by  the  plaque  neutralization 
method  against  6  different  Phlebotomus  fever  group  viruses.   Sera  from 
these  patients  had  substantial  levels  of  specific  neutralizing  antibodies 
(1:20  to  1:1280)  28  and  56  days  following  infection,  suggesting  long- 
lasting  immunity.   In  contrast,  the  same  sera  failed  to  neutralize  5  other 
Old  World  Phlebotomus  fever  group  viruses,  indicating  that  immunity  to 
sandfly  fever  is  probably  type  specific. 
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Studies  of  transovarial  transmission  of  Bunyamwera  supergroup 
viruses  in  mosquitoes 

Recent  reports  of  transovarial  transmission  of  La  Crosse  virus 
(California  encephalitis  group)  by  Aedes  triseriatus,  prompted  us  to 
attempt  vertical  transmission  of  La  Crosse  with  another  Aedes  species. 
Using  experimentally  infected  (intrathoracic  inoculation)  A.  aibopictus 
females,  we  demonstrated  that  La  Crosse  virus  is  also  transovarial ly 
transmitted  in  this  mosquito  species,  although  at  a  lower  frequency  than 
obtained  with  A.  triseriatus. 

In  view  of  the  La  Crosse  data  as  well  as  evidence  that  viruses  of  the 
Phlebotomus  fever  group  are  also  vertically  transmitted,  it  was  decided  to 
test  the  possibility  of  transovarial  transmission  with  other  Bunyamwera 
supergroup  viruses.   To  date  we  have  been  unable  to  demonstrate  transovarial 
transmission  of  h   other  Bunyamwera  supergroup  viruses  (Cache  Valley,  Batai, 
I taporanga  and  Arumowot)  by  experimentally  infected  £.  fatigans  and/or 
A.  aibopictus.   These  results  suggest  that  there  is  something  unique  about 
La  Crossevirus,  permitting  vertical  transmission,  in  contrast  to  most  other 
mosquito-borne  viral  agents. 


^ 


A- 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Chikungunya,  a  group  A  arbovirus,  has  been  responsible  for  major 
epidemics  of  dengue-like  illness  among  human  populations  in  Africa,  India, 
the  Philippines,  and  several  countries  of  Southeast  Asia.   Since  dengue 
and  Chikungunya  infection  are  similar  clinically  and  as  both  agents  may 
occur  simultaneously  in  the  same  area,  differentiation  of  illness  produced 
by  the  two  viruses  is  of  obvious  public  health  importance.   Like  dengue, 
Aedes  aegypti  has  been  implicated  as  the  principal  urban  vector  during 
epidemics  of  Chikungunya  disease.   Despite  a  common  vector,  overlapping 
geographic  distribution,  and  clinical  similarity  with  dengue,  however, 
isolations  of  Chikungunya  virus  from  other  mosquito  genera  (Anopheles, 
Culex  and  Mansonia) ,  its  sporadic  appearance,  as  well  as  its  occurrence 
in  dengue-free  areas  of  Africa  suggest  that  the  ecology  of  the  two  viruses 
is  different.   These  studies  are  designed  to  learn  more  about  the  epi- 
demiology of  Chikungunya  disease. 

Ross  River,  a  second  Group  A  arbovirus,  is  the  presumed  etiologic  agent 
of  epidemic  polyarthritis,  a  disease  of  some  public  health  importance  in 
Australia.   Results  of  our  serologic  surveys  indicate  that  the  virus  also 
occurs  in  New  Guinea,  West  Irian  and  several  of  the  Solomon  Islands, 
extending  its  known  geographic  distribution.   Studies  of  epidemic  poly- 
arthritis patients  in  Australia  suggest  that  the  disease  may  represent  a 
hypersensitivity  reaction  following  Ross  River  virus  infection,  since 
persons  manifesting  arthritic  symptoms  already  have  antioodies  to  the 
agent  and  attempts  at  virus  isolation  have  been  unsuccessful.   In  this 
respect,  epidemic  polyarthritis  is  analogous  to  the  arthritis  associated 
with  rubella  infection. 
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La  Crosse  virus,  a  member  of  the  California  encephalitis  arbovirus 
group,  has  been  the  agent  most  frequently  associated  with  human  cases  of 
California  encephalitis  in  the  United  States.   Recent  evidence  of  trans- 
ovarial  transmission  of  this  virus  by  Aedes  triseriatus  in  Wisconsin 
suggests  an  efficient  mechanism  for  overwintering  of  the  agent  and  main- 
tenance in  the  mosquito  population.   This  is  the  first  evidence  of  trans- 
ovarial  transmission  of  an  arbovirus  by  mosquitoes.   The  possible  genetic 
implications  of  this  mechanism  are  intriguing,  for  if  vertical  transmission 
is  the  sole  maintenance  mechanism  for  the  virus,  then  transmission  rates 
must  approach  100%  in  order  to  insure  virus  survival.   This  might  suggest 
a  chronically  infected  subpopulat ion,  transmitting  the  virus  to  their 
offspring  and  future  generations,  within  the  total  mosquito  population, 
thus  maintaining  the  virus  at  a  low  level  of  endemicity.   Experiments  to 
test  this  possibility,  using  A^.  albopictus  as  a  model ,  are  in  progress. 

Sandfly  fever  has  long  been  recognized  as  a  disease  of  considerable 
public  health  and  military  importance  in  the  Middle  East  and  Central  Asia. 
Recent  studies  indicate  that  Phlebotomus  fever  group  viruses  and  the 
disease  also  occur  in  Africa  and  tropical  America.   Previous  studies  of 
sandfly  fever  have  been  limited  mainly  to  clinical  observations  of  patients, 
because  of  difficulties  in  culturing  the  virus  and  lack  of  a  specific 
serologic  test  for  determining  immunity.   Now,  however,  with  the  availability 
of  tissue  culture  for  primary  virus  isolation  and  for  use  in  plaque  neutra- 
lization tests,  the  necessary  laboratory  tools  are  available  for  a  thorough 
epidemiologic  study  of  sandfly  fever. 


( 

J 

•1 


Proposed  Course  of  the  Project 

Serologic  surveys  by  plaque  neutralization  test  will  be  completed  on 
human  sera  from  various  Pacific  islands  and  Southeast  Asia  to  map  the 
distribution  of  Group  A  arbovirus  activity  in  the  area.  It  is  hoped  that 
this  method  will  also  allow  us  to  map  the  distribution  of  certain  Group  B 
viruses,  such  as  Japanese  and  Murray  Valley  encephalitis.  The  techniques 
developed  in  these  studies  now  give  us  the  capability  to  carry  out  field 
epidemiologic  investigations  in  the  event  of  an  epidemic  caused  by  one  of 
these  virus  agents  in  the  South  Pacific. 

Laboratory  studies  on  the  genetics  of  susceptibility  to  oral  Chikungunya 
infection  in  A^.  albopictus  wi  1 1  be  continued.   The  apparent  differences  in 
ability  to  replicate  the  virus  among  different  strains  of  this  mosquito 
species  is  significant,  since  it  may  indicate  differences  in  vector  potential. 
Such  differences  if  they  also  occur  with  other  viruses  and  o':her  mosquito 
species  might  offer  a  means  of  genetic  manipulation  and  biologic  control. 
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Collaborative  studies  are  planned  with  workers  at  the  Institute  of 
Public  Health  Research,  School  of  Public  Health,  University  of  Teheran, 
Iran  to  test  sera  from  human  populations  living  in  areas  of  endemic  sand- 
fly fever.   If  these  studies  are  successful  and  an  endemic  area  of  the 
disease  is  identified,  further  epidemiologic  investigations  are  planned. 

Work  on  the  genetics  of  La  Crosse  transovarial  transmission  with 
laboratory  colonies  of  A^.  albopictus  wi  1 1  be  continued. 
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Project  Title:   Studies  on  the  natural  history  of  Toxoplasma  gondii,  the 
mechanism  of  its  transmission  to  man,  and  its  public 
health  importance  in  the  Pacific  area. 

Previous  Serial  Number:    Same 

Principal  Investigator:   Dr.  Gordon  D.  Wallace 

Other  Investigators:   Dr.  Alistair  Philip,  Department  of  Pediatrics, 
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Dr.  John  H.  Cross,  U.S.  Naval  Medical  Research  Unit 
No.  2,  Taipei,  Taiwan. 
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5/12 
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Project  Description: 

Objectives 

To  determine  the  method,  or  methods,  by  which  man  becomes  infected 
with  T^.  gond  i  i . 

To  identify  subclinical  cases  of  congenital  infection  for  long  term 
observation  on  the  development  of  sequelae. 

Methods  Employed 

Seroepidemiology.   Reports  in  the  literature  indicate  that  Chinese 
living  in  certain  areas  of  Southeast  Asia  have  a  remarkably  lower  incidence 
of  toxoplasmosis  than  other  ethnic  groups  in  the  same  area.   To  provide  more 
information  on  this,  sera  for  epidemiologic  studies  were  obtained  from 
selected  groups  of  ethnic  Chinese  and  aborigines  in  Taiwan,  Chinese  and 
Indonesians  in  Indonesia,  and  Chinese  and  Tahitians  in  Tahiti. 
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Congenital  toxoplasmosis.   Information  from  Toxoplasma  dye  tests  on 
sera  collected  from  the  umbilical  cords  of  about  1000  babies  born  on  Oahu, 
indicated  that  Filipino  babies  were  at  a  much  higher  risk  of  becoming 
congenital ly  infected  with  Toxoplasma  than  other  ethnic  groups  in  Hawaii. 
Also,  the  majority  of  documented  cases  of  congenital  toxoplasmosis  in 
Hawaii  were  in  Filipino  babies,  although  filipinos  are  a  minority  group. 
Consequently  a  prospective  study  of  congenital  toxoplasmosis  in  Filipino 
babies  born  on  Oahu  was  undertaken.   Cord  blood  was  collected  from  most  of 
the  Filipino  babies  born  on  Oahu  from  Feb.  to  Nov.  1973-   Sera  were  tested 
for  Toxoplasma  antibody  by  the  dye  test  and  attempts  were  made  to  collect 
an  additional  blood  specimen  four  to  six  months  after  birth  from  each  baby 
that  had  a  cord-blood  titer  of  1:128  or  greater.   A  careful  clinical 
evaluation  including  psychophysiological  testing  was  planned  for  all 
babies  with  serologic  evidence  of  infection. 

Major  Findings 

Seroepidemiology .    Of  one  group  of  132  primitive  aborigine  natives 
of  various  ages  in  Taiwan,  Toxoplasma  antibody  (21:16)  was  found  in  only  k. 
Of  another  group  of  sera  from  kl   hospitalized  patients  (mostly  adults)  in 
Taiwan,  only  two  were  positive.   Of  23  Tahitians  and  21  Chinese  living  in 
Tahiti  that  were  tested,  Toxoplasma  antibody  was  detected  in  70^  and  86% 
respectively.   In  Indonesia,  50%  of  38  Indonesian  medical  students  were 
found  to  have  Toxoplasma  antibody,  whereas  antibody  was  detected  in  only 
26%  of  86  Chines  medical  students  tested  at  the  same  university  at  the  s 
time.   The  reasons  for  the  geographic  variation  in  the  findings  in  the 
Chinese  tested  were  not  determined. 

Congenital  toxoplasmosis.   Sera  from  umbilical  cords  of  522  Filipino 
babies  were  tested  at  a  1:128  dilution.   Of  these,  70  were  positive.   The 
distribution  of  titers  was  as  follows:   128-256,  30;  512-102't,  20;  2048- 
4096,  13;  8000-16,000,  6;  32,000,1.   Follow-up  specimens  from  29  babies 
have  been  tested  and  all  but  one  had  a  significant  drop  in  titer.   One  had 
a  titer  increase  from  1:512  to  1:8192.   This  baby  has  not  yet  been  examined. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Although  considerable  progress  has  been  made  during  the  past  four  years 
in  understanding  the  natural  history  and  transmission  of  Toxoplasma ,  some  of 
the  specific  factors  responsible  for  human  infection  have  not  been  determined, 
it  would  be  of  considerable  interest  to  determine  the  reasons  for  the  rela- 
tively low  prevalence  of  human  infection  in  certain  ethnic  fjroups,  such  as 
the  aborigines  living  under  primitive  conditions  in  Taiwan. 

Published  data  indicate  that  60%  of  babies  congenital ly  infected  with 
Toxoplasma  will  be  asymptomatic  at  birth.   It  can  be  predicated  that  chorio- 
retinitis and  other  sequelae  will  become  evident  in  some  of  these  babies 
during  the  first  6  months  of  life.   However  data  are  needed  on  the  possi- 
bility of  eventual  development  of  sequela  in  infected  babies  that  appear 
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to  be  normal  for  a  year  or  longer.   Information  from  one  prospective  study 
suggests  that  100%  of  congenital ly  infected  babies  will  eventually  manifest 
Intellectual  impairment. 

Proposed  Course  of  the  Project 

Most  of  the  work  on  Toxoplasma  will  be  terminated  in  the  near  future. 
However  new  studies  might  be  initiated  if  unique  opportunities  to  obtain 
useful  information  become  evident. 
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Honors  and  Awards: 

Dr.  Wallace  served  as  Associate  Clinical  Professor  of  Tropical  Medicine 
and  Medical  Microbiology  in  the  University  of  Hawaii  School  of  Medicine, 
and  assisted  clinical  laboratory  directors  and  physicians  in  Hawaii  with 
diagnostic  problems  related  to  toxoplasmosis. 


Publ icat ions : 

Wallace,  G.D.:   Intermediate  and  transport  hosts  in  the  natural  history 
of  Toxoplasma  gond  i  i  .   Am.  J.  Trop.  Med.Hyg.,  22:^56-^6'*,  1973- 

Wallace,  G.D.,  Zigas,  V.,  and  Gajdusek,  D.C.:    Toxoplasmosis  and  cats 
in  New  Guinea.   Am.  J.  Trop.  Med.  Hyg. ,  23:8-14,  197^. 
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Project  Description 

Object  ives 

1.  To  study  the  epidemiology  of  dengue  and  dengue  hemorrhagic  fever 
in  the  simple  ecologic  environment  of  Pacific  Islands. 

2.  To  study  the  relative  susceptibility  of  various  species  of 
mosquitoes  to  infection  with  dengue  viruses. 

3.  To  improve  laboratory  methods  for  the  detection  of  dengue  viruses 
and  their  antibodies. 


II 
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Methods  Employed 

Epidemics  of  dengue  are  studied  as  they  occur  on  Pacific  islands. 
During  the  year,  investigations  were  carried  out  on  an  outbreak  of  dengue 
which  occurred  in  Tonga. 

Also,  various  species  of  mosquitoes  and  Macaca  monkeys  were  infected 
experimentally  with  strains  of  dengue  virus  (including  the  four  prototypes) 
which  had  not  been  potentially  modified  by  previous  passage  in  mice  or  cell 
cultures. 
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Various  virologic  techniques  previously  developed  for  use  with  non- 
arthropod  borne  viruses  were  used  in  an  attempt  to  improve  the  techniques 
currently  available  for  work  with  the  dengue  viruses. 

Major  Findings 

Tonga 

An  outbreak  of  dengue  was  detected  on  the  island  of  Tongatabu,  Tonga 
in  March,  197^  and  field  investigations  were  undertaken  with  two  principal 
objectives  in  mind,  1)  to  study  variations  in  viremia  levels  from  person  to 
person  and  in  the  same  person  on  different  days  of  illness,  and  2)  to  evaluate 
the  role  of  the  local  Aedes  species  of  the  scute! lar is  complex  in  the  trans- 
mission of  the  disease. 

The  investigations  were  just  beginning  as  this  report  was  being  written, 
but  it  is  presumed  that  the  outbreak  is  due  to  dengue  2  virus,  the  only  dengue 
type  isolated  from  Pacific  islands  during  the  last  3  years. 

Niue 

Further  study  of  sera  collected  from  Niue  Island  indicated  that  children 
who  survived  severe  dengue  there  had  significantly  higher  homologous  dengue 
neutralizing  antibody  titers  than  did  children  of  comparable  age  who  had 
ordinary  dengue.   Also,  persons  who  resided  in  households  in  which  severe  or 
fatal  cases  had  occurred  were  more  likely  to  have  high  antibody  titers  than 
were  persons  from  other  households.   These  findings  suggest  that  severe  dengue 
may  be  the  result  of  unusually  high  viremia  levels  which  in  turn  may  reflect 
either  increased  virus  virulence  or,  alternatively,  increased  host  suscepti- 
bility. 

Panama 

Previous  serologic  studies  by  the  principal  investigator  indicated  that 
dengue  type  2  had  occurred  in  Panama  during  World  War  II.   At  the  time  these 
studies  were  carried  out  only  dengue  types  1  and  2  were  known.   Some  hemag- 
glutinat ion-inhibi tion  (HI)  positive  sera  from  Panama  were  negative  for 
neutralizing  antibody  against  these  dengue  types  but  it  was  hypothesized  that 
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this  finding  was  a  result  of  the  relative  insensi t i vi ty  of  the  dengue  2 
neutralization  test  (which  was  carried  out  in  mice)  as  compared  to  the 
HI  test.   Recently,  the  sera  from  Panama  were  re-examined  for  plaque 
reduction  neutralizing  antibody  against  all  k   dengue  types  and  it  was  found 
that  the  HI  positive  sera  which  previously  had  no  dengue  2  neutralizing  anti- 
body as  measured  in  the  mouse  test,  also  had  no  dengue  2  antibody  in  the 
plaque  reduction  neutralization  test,  but  they  did  have  dengue  3  antibody. 
Further  serologic  studies  indicated  clearly  that  the  disease  which  occurred 
in  Panama  during  World  War  II  was  due  to  both  dengue  2  and  dengue  3.   This 
documents  the  presence  of  the  latter  type  in  the  New  World  some  20  years 
prior  to  its  previous  first  known  occurrence. 

Isolation  of  dengue  viruses  from  different  geographic  areas  and  from 
clinical  diseases  of  varying  severity 

As  a  prelude  to  planned  study  of  the  virulence  of  dengue  viruses  as  they 
exist  in  nature,  a  collection  has  been  started  of  dengue  strains  from  differ- 
ent geographic  areas  and  from  cases  of  different  clinical  severity.   Only 
strains  isolated  directly  from  the  original  human  serum  in  mosquitoes  will 
be  employed  in  the  planned  studies.   During  the  past  year  dengue  strains  were 
isolated  from  human  sera  obtained  from  Indonesia,  Malaysia,  the  Philippines, 
Puerto  Rico,  and  Tahiti.   All  four  serotypes  were  represented. 

Comparative  susceptibility  of  different  mosquito  species  to  dengue 

In  an  attempt  to  find  an  explanation  for  the  apparent  virulence  of  dengue 
during  the  Niue  Island  outbreak,  Aedes  aegypti  from  the  island  and  Aedes  cooki , 
the  local  scutel lar is  species,  were  colonized  and  exposed  to  a  South  Pacific 
strain  of  dengue  type  2  by  ingestion.   Surprisingly,  the  aegypti  appeared 
unusually  resistant  to  infection  (as  compared  with  aegypt  i  from  another  source), 
whereas  the  cooki  appeared  unusually  susceptible  (as  compared  with  other  species 
of  the  scutel lar i  s  complex).  This  was  the  opposite  result  of  what  had  been 
ant  icipated. 

Improvement  in  dengue  laboratory  techniques 

Extensive  experiments  were  carried  out  to  compare  the  fluorescent  anti- 
body technique  for  the  detection  of  infected  mosquitoes  to  their  detection  by 
assay  in  LLC-MK2  cells.   It  was  found  that  for  dengue  types  1  and  2  the  two 
methods  gave  essentially  comparable  results.   For  dengue  types  3  and  k   however, 
a  significant  number  of  mosquitoes  were  positive  in  LLC-MK2  cells  and  negative 
by  fluorescent  antibody  assay. 

In  order  to  improve  the  sensitivity  of  the  mosquito  inoculation  technique, 
experiments  were  undertaken  to  determine  if  dengue  virus  in  human  sera  could 
be  concentrated  by  ul tracentr ifugat ion.   It  was  found  possible  to  concentrate 
virus  in  this  way  and  the  procedure  was  used  to  isolate  virus  from  human  serum 
specimens  from  the  1 969  Tahiti  type  3  outbreak  which  heretofore  had  failed  to 
yield  isolates  by  all  previously  known  methods. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Dengue  viruses  are  increasing  in  significance  as  a  cause  of  morbidity 
and  mortality  in  Southeast  Asia  and  Pacific  islands  -  probably  because  of 
rapidly  increasing  urbanization  and  travel  in  that  geographic  area.   Mosquito 
vectors   of  these  viruses  are  ubiquitous  in  the  same  area,  which  includes 
many  islands  belonging  to,  or  controlled  by,  the  United  States.   Obviously, 
further  understanding  of  the  epidemiology  of  dengue  and  of  the  vectors  of 
the  disease  would  be  of  value. 
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Proposed  Course  of  the  Project 

Further  field  studies  on  dengue  outbreaks  will  be  undertaken  as  appro- 
priate opportunities  occur.   An  attempt  will  also  be  made  to  write  up  for 
publication  the  extensive  amount  of  data  already  on  hand  from  outbreaks 
investigated  previously. 

Honors  and  Awards: 

Dr.  Rosen  was  appointed  to  the  Ad  Hoc  Study  Group  on  Viral  and  Rickettsial 
Diseases  of  the  U.S.  Army  Medical  Research  and  Development  Command,  was  asked 
to  serve  as  an  advisor  to  the  PAHO  Scientific  Advisory  Committee  on  Dengue 
and  was  elected  Vice  President  of  the  American  Society  of  Tropical  Medicine 
and  Hygiene.   He  continued  to  serve  as  a  member  of  the  editorial  board  of 
intervi rology ;  as  a  member  of  the  Viral  Diseases  Panel,  U.S. -Japan  Cooperative 
Medical  Science  Program;  on  the  Executive  Committee  of  the  American  Committee 
on  Arthropod-borne  Viruses;  as  Clinical  Professor  of  Tropical  Medicine  and 
Medical  Microbiology,  University  of  Hawaii  School  of  Medicine;  and  as  a 
member  of  the  Affiliate  Graduate  Faculty,  University  of  Hawaii  School  of 
Publ ic  Health. 
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Rozeboom,  L.E.,  Rosen,  L. ,  and  Ikeda,  J.:   Observations  on  oviposition  of 
Aedes  (S_. )  albopictus  Skuse  and  A.  ( S^. )  polynes  iens  i  s  Marks  in  nature. 
J.  Med.  Entomol.  10:397-399,  1973- 

Char,  D.F.B.  and  Rosen,  L.:   Eosinophilic  meningitis.   j_n  Gellis,  S.S.  and 
Kagan,  B.M.  (eds.):   Current  Pediatric  Therapy  -  6.   Philadelphia,  W.B.Saunders 
Co.,  1973,  p.  55^. 

Char,  D.F.B.  and  Rosen,  L.:   Ang iostrongy 1 iasi s.   _l£  Gellis,  S.S.  and  Kagan, 
B.M.  (eds.):   Current  Pediatric  Therapy  -  6.   Philadelphia,  W.y.  Saunders  Co. 

Saugrain,  J.,  Moreau,  J. P.,  and  Rosen,  L.:   L'epidemie  de  dengue  de  Tahiti  en 
1971.   Bull.  Soc.  Pathol.  Exot.  66:381-385,  1973- 
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Rosen,  L.:    Reoviruses.   j_n  Hubbert,  W.T.,  McCullogh,  W.F.  and  Schnurrenberger , 
P.R.  (eds.):   Diseases  Transmitted  from  Animals  to  Man,  Sixth  Edition, 
^974,  (jn  press) 

Rosen,  L.  :    Angiostrongy  1  ias  i  s.   J_n^  Hubbert,  W.T.,  McCulloch,  W.F,  and 
Schnurrenberger,  P.R.  (eds.):   Diseases  Transmitted  from  Animals  to  Man, 
Sixth  Edition,   IS?'*,  ('"  press) 

Barnes,  W.J.S.  and  Rosen,  L.:   Fatal  hemorrhagic  disease  and  shock  associated 
with  primary  dengue  infection  on  a  Pacific  Island.   Am.  J.  Trop.  Med.  Hyg . 
(in  press) 

Rosen,  L,:   Reoviruses.  Jjn  Lennette,  E.H.,  Spaulding,  E.H.  and  Truant,  J. P. 
(eds.):   Manual  of  Clinical  Microbiology  -  Second  Edition  (in  press) 

Rosen,  L.:   Reoviruses.   In  Standardized  Methods  for  Veterinary  Microbiology, 
to  be  published  by  the  National  Academy  of  Sciences  (in  press) 
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Object  ives : 

1.  To  select  strains  of  A^.  albopictus  which  are  either  highly  resistant 
or  highly  susceptible  to  infection  with  dengue  viruses. 

2.  To  study  the  genetic  basis  of  resistance  to  infection. 

3.  To  study  replication  and  distribution  of  dengue  virus  in  resistant 
and  susceptible  mosquitoes. 

Methods  Employed 

Attempts  to  infect  Aedes  ( S_. )  al  bopictus  and  other  species  of  Stegomyia 
orally  with  dengue  viruses  usually  result  in  rates  of  infection  of  less  than 
100  percent.   Strains  of  A.  albopictus  from  different  geographic  areas  will 
be  screened  for  susceptibility  to  infection  with  dengue  viruses.   Those 
strains  showing  the  highest  natural  resistance  will  be  selected  for  resistance 
by  feeding  on  suspensions  with  high  virus  concentration  whereas  selection 
pressure  for  increased  susceptibility  will  be  placed  on  those  strains  showing 
the  highest  natural  susceptibility  by  feeding  on  suspensions  with  low  virus 
concentration.   Reciprocal  and  backcrossing  experiments  will  be  made  to 
determine  the  type  of  inheritance  controlling  vectorial  capacity  after  pure 
lines  have  been  established. 
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Studies  will  be  made  on  the  replication  and  distribution  of  dengue  virus 
in  mosquitoes  in  relation  to  resistance  and  susceptibility.   Methods  employed 
for  these  studies  will  include  virus  titration  of  various  mosquito  organs  and 
tissues  by  mosquito  assay  and  determination  of  the  site  of  virus  replication 
by  fluorescent  antibody  and,  possibly,  electron  microscopy. 


Major  Findings 

To  date,  11  different  geographical  strains  of  Aedes  albopictus  have  been 
screened  for  susceptibility  to  dengue  viruses.   Most  of  these  strains  showed 
comparable  infection  rates  with  dengue  2  after  feeding  on  an  artificial 
feeding  suspension  which  had  a  titer  of  approximately  5xlo6  mosquito  IDcq  per  ml 
However,  2  strains  (Israel  and  Philippine)  consistently  showed  lower  infection 
rates  and  1  strain  (Vietnam)  has  consistently  showed  a  higher  infection  rate 
than  the  others.   Selection  of  these  and  some  of  the  other  strains  is  now  in 
the  F3  and  F/,  without  any  evidence  of  increased  susceptibility  or  resistance. 

Experiments  have  been  carried  out  to  determine  whether  the  resistance 
observed  in  some  strains  can  be  overcome  by  increasing  the  virus  dose  ingested 
with  the  blood  meal.   In  several  tests,  100^  of  the  Oahu  A_.  albopictus  have 
been  infected  after  feeding  on  a  suspension  containing  over  1 0°  MID50  P^r  ml. 
However,  this  was  still  not  enough  to  infect  all  of  the  Israel  and  Philippine 
mosquitoes.   These  results  suggest  that  the  resistance  observed  in  the  Israel 
and  Philippine  strains  is  real,  but  that  it  may  be  more  realistic  to  think  of 
resistance  in  terms  of  threshold  levels  of  infections  rather  than  in  terms  of 
genetically  controlled  absolute  resistance. 

Preliminary  data  suggested  that  age  of  the  mosquito  might  influence 
infection  by  dengue  virus.   Experiments  to  test  this  influence  have  shown 
that  there  is  no  difference  in  susceptibility  of  mosquitoes  of  different  ages. 


Recent  studies  on  the  growth  characteristics  of  dengue  virus  in  Aedes 
al bopictus  have  concentrated  on  following  the  development  of  infection  in 
the  salivary  glands  by  the  direct  fluorescent  antibody  technique. 

The  first  signs  of  infection  were  observed  6  to  8  days  after  feeding  and 
consisted  of  small  foci  on  1  or  2  lateral  lobes.   Infected  fat  cells  could 
also  be  observed  adhering  to  the  surface  of  the  glands  on  these  days.   The 
infection  nearly  always  began  in  the  lateral  lobes,  but  not  in  any  particular 
portion  of  these  lobes.   Once  infection  had  been  established,  it  spread  in  all 
directions  until  the  whole  lobe  was  involved.   The  median  lobes  often  remained 
negative  for  20  days  or  more,  but  eventually  became  infected. 

The  percentage  of  infected  salivary  gland  lobes  increased  with  time 
until  day  12  when  over  80%  showed  some  specific  fluorescence.   About  20% 
of  these  lobes  were  fully  infected  throughout  their  length,  the  rest  having 
just  a  portion  of  the  tissue  infected.   By  day  20  to  26,  all  lobes  were  usually 
infected,  although  an  occasional  median  lobe  remained  negative.   Most  of  the 
lobes  that  were  infected  had  no  evident  negative  tissue  at  this  time. 
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Virus  was  observed  to  aggregate  in  the  salivary  glands,  beginning  about 
day  18.   There  was  no  apparent  pattern  to  this  aggregation,  but  by  day  26, 
clumps  of  antigen  could  be  observed  throughout  the  length  of  most  infected 
lobes.   There  was  a  concomitant  decrease  in  specific  fluorescence  in  other 
parts  of  the  lobe  when  this  occurred,  in  many  cases  giving  the  impression 
of  decreased  virus  content. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Dengue  viruses  are  widespread  in  Asia  and  the  Pacific  and  outbreaks  of 
the  disease  associated  with  severe  hemorrhage  or  shock  make  dengue  one  of 
the  most  important  public  health  problems  of  that  area.   Control  of  the  vector 
is  presently  the  only  available  means  of  controlling  the  disease.   One  possible 
method  of  control  would  be  to  replace  a  susceptible  vector  species  with  a 
refractory  strain  of  the  same  species.   Another  possible  approach  would  be  to 
increase  the  resistance  of  a  natural  vector  population  by  introducing  the  gene 
controlling  this  factor  into  the  population.   Theoretically,  either  of  these 
methods,  which  depend  upon  selection  of  resistant  mosquito  strains  in  the 
laboratory,  could  interrupt  transmission  and  bring  about  permanent  disease 
control . 

Proposed  Course  of  the  Project 

Since  no  evidence  has  been  obtained  of  genetic  control  of  susceptibility 
of  mosquitoes  to  dengue  this  aspect  of  the  project  will  soon  be  terminated. 
Work  will  continue  on  the  mechanism  of  salivary  gland  infection  and  its 
implications  for  the  ability  of  mosquitoes  to  transmit  infection. 
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Honors  and  Awards 


Dr.  Gubler  was  appointed  as  a  short-term  consultant  to  the  World  Health 
Organization  to  advise  on  a  filariasis  project  in  Indonesia. 

Publ ications: 

None 
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Project  Description: 

Object  i ves 

To  elucidate  the  life  cycle  and  biologic  characteristics  of  the  new 
parasite,  particularly  its  relationship  to  Toxoplasma  and  its  potential  to 
infect  man. 

Methods  Employed 

The  parasite,  which  will  be  referred  to  as  WC1170,  was  isolated  by 
inoculating  oocysts  morphologically  similar  to  Toxoplasma ,  found  in  the  feces 
of  a  naturally  infected  cat,  into  laboratory  mice.   Such  mice  developed 
chronic  infections  with  the  formation  of  Toxopl asma- 1 i  ke  cysts  in  skeletal 
muscle.   When  chronically  infected  mice  were  fed  to  susceptible  cats,  the 
parasite  reproduced  in  intestinal  epithelium,  resulting  in  fecal  shedding 
of  oocysts.   The  host  range  of  WC1170  was  studied  by  exposing  rats,  dogs, 
monkeys,  pigeons  and  Japanese  quail  to  the  oocyst  stage  and  observing  them 
for  serologic  and  histopathologic  evidence  of  infection.   Two  other  isolates 
from  feces  of  stray  cats  appeared  to  be  strains  of  the  same  parasite.   These 
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strains,  WC1170,  and  Toxoplasma  isolated  from  cats  were  compared  immuno- 
logically by  cross  immunity  studies  in  cats  and  mice,  and  anti genical ly 
by  an  indirect  fluorescent  antibody  test  (IFAT)  and  the  Toxoplasma  dye  test. 
Also,  antigenic  comparisons  by  two-dimensional  Immunoelectrophoresis  were 
made  by  Dr.  Hackman  in  Washington. 
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Major  Findings 

The  three  strains  of  the  parasite  appeared  to  be  morphologically, 
biologically  and  ant igenical ly  identical,  but  they  were  distinctly  different 
from  Toxopl asma.   There  was  good  cross  immunity  among  the  strains  in  cats, 
but  little  or  no  immun  i  ty  to  Toxoplasma  and  vice  versa.   Toxopl asma- 1 i  ke 
cysts  were  plentiful  in  skeletal  muscles  of  WCl 1 70- i nfected  mice,  but  absent 
or  seldom  observed  in  brains.   It  was  not  possible  to  transmit  the  parasite 
from  chronically  infected  mice  to  susceptible  mice  by  feeding  or  inoculating 
cysts.   Mice  and  rats,  but  not  cats,  viere   easily  infected  with  oocysts,  thus 
indicating  that  a  cat  rodent  cycle  is  obligatory  for  the  propagation  of  the 
paras  i  te. 

There  was  serologic  evidence  of  infection  following  exposure  to  oocysts 
in  mice,  rats,  and  dogs,  but  not  in  birds  (quail  and  pigeons),  or  in  Macaca 
i  rus  monkeys .   When  muscles  from  exposed  rats  and  birds  were  tested  for 
infectivity  by  feeding  to  cats,  rat  muscles  but  not  bird  muscles  were  found 
to  be  infective  (cat  shed  oocysts).   Some  mice  became  ill  following  inocula- 
tion with  large  numbers  ( >^1 0  )  of  oocysts,  but  not  the  other  animals  tested. 
Myositis  and  myocarditis  was  extensive  in  some  mice. 

Sera  from  32  people,  all  adults  whose  occupations  required  close  contact 
with  cats,  and  from  65  military  dependents  between  1  and  18  years  of  age, 
living  on  Oahu,  Hawaii,  were  tested  by  IFAT  for  antibody  to  WC1170  zoites. 
Titers  ranging  between  1:16  and  1:6^  were  found  in  sera  of  9  of  the  adults 
and  in  7  of  the  children  (ages  1-15  years).   All  but  two  sera  (titers  1:16) 
that  reacted  v^ith  WCl 170  antigen  were  also  positive  for  Toxopl asma  in  the 
dye-test . 

Early  in  the  course  of  observations  on  WCl 170,  but  not  since,  sarcocysts 
morphologically  typical  of  those  described  for  S.  muris  were  found  in  skeletal 
muscles  of  a  few  mice  inoculated  with  WC1170  oocysts.   Similar  sarcocysts 
were  also  found  in  mice  inoculated  with  WC1170  oocysts  in  Dr.  Frenkel's 
laboratory  in  Kansas  City.   However  in  spite  of  an  extensive  search  for  other 
parasites  that  might  have  been  in  the  inoculum,  but  were  overlooked,  and 
exposure  of  various  strains  of  mice  and  mice  on  cortisone  acetate  to  WCl 170 
oocysts,  the  presence  of  the  S_.  mur is-1  ike  sarcocysts  has  not  been  explained. 

In  conclusion,  the  WC1170  parasite  has  biologic  similarities  to  Sarco- 
cyst  i  s  and  certain  morphologic  and  antigenic  similarities  to  Toxoplasma ,  yet 
it  is  uniquely  different  from  both  parasites.   Its  host  range  appears  to  be 
limited,  it  is  relatively  non-pathogenic  and  there  is  no  evidence  that  it  is 
of  medical  importance. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Information  on  this  parasite  is  of  interest  because  of  its  similarities 
to  both  Toxoplasma  and  Sarcocyst is ,  particularly  since  the  life  cycle  of 
Sarcocyst  i  s ,  which  is  known  to  infect  man,  has  been  obscure. 

Proposed  Course  of  the  Project 

Because  it  nov;  appears  that  the  parasite  is  of  little  or  no  medical 
importance,  I  will  terminate  my  research  project  in  the  near  future.   However 
I  will  continue  to  collaborate  with  Drs.  Frenkel  and  Hackman.   Dr.  Frenkel 
is  interested  in  the  biology  of  the  parasite  and  Dr.  Hackman  is  interested 
in  exploring  its  antigenic  relationship  to  Toxoplasma  and  to  determine  if  it 
has  an  antigenic  relationship  to  Sarcocyst  i  s  species. 
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Wallace,  G.D.:   Sarcocyst  i  s  in  mice  inoculated  with  Toxoplasma-1 ike 
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Project  Description: 

Objectives 

To  determine  if  Pacific  island  rodents  and  mollusks  can  serve  as 
suitable  hosts  for  A^.  costaricens  i  s,  a  rodent  metastrongyl  id  of  medical 
importance  in  Central  America. 

To  develop  a  serologic  test  for  the  diagnosis  of  human  disease  caused 
by  Ang  iostrongylus. 

Methods  Employed 

Infective  third-stage  larvae  of  A^.  costaricensis  were  obtained  from 
Costa  Rica  and  the  parasite  was  maintained  in  the  laboratory  in  the  cotton 
rat>Sigmodon  hispidus  and  in  an  aquatic  snail,  Biomphalaria  glabrata. 
Laboratory  raised  Rattus  rattus,  R^.  norvegicus,  R^.  exulans,  S_.  hispidus 
and  Mus  musculus  were  exposed  to  various  doses  of  third-stage  A^.  costa- 
ricensis larvae  and  observed  for  fecal  shedding  of  first-stage  larvae. 
Three  species  of  terrestrial  mollusks,  two  of  which  are  corrmon  on  Pacific 
islands,  were  exposed  to  first-stage  larvae  of  A.  costaricensis  and  examined 
for  third-stage  larvae  5  to  9  weeks  later.   As  controls,  some  of  each  species 
of  mollusk  were  exposed  to  A.  cantonens  is. 
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Laboratory  rats  and  mice  infected  with  third-stage  larvae  of  A^.  canto- 
nensis  or  A.  costar icens is  were  bled  periodically  for  antibody  determinations 
by  an  indi  rect  fluorescent  antibody  test  (IFAT)  in  which   frozen  sections 
of  adult  worms  were  used  as  antigen.   Sera  from  human  cases  of  eosinophilic 
meningitis  (proven  by  spinal  tap)  in  Tahiti  and  from  "normal"  people 
elsewhere,  probably  not  exposed  to  A.  cantonens  i  s ,  were  also  tested. 


S. 


Major  Findings 

Of  the  three  species  of  Pacific-island  rats  tested  (R^.  rattus ,  R^.  norve- 
g  icus ,  R^.  exulans)  ,  only  R^.  rattus  shed  larvae  in  quantities  and  for  periods 
of  time  sufficient  to  have  the  potential  of  being  an  important  definitive 
host  of  A.  costaricens  is .   Two  of  five  mice  exposed  to  A^.  costar  icensi  s 
survived  the  prepatent  period  and  shed  larvae,  one  in  relatively  large  numbers. 
However  both  mice  succumbed  to  the  parasite  one  to  three  weeks  later. 
Experiments  in  which  rats  were  exposed  to  A^.  cantonens  is  following  a  patent 
infection  with  A^.  costaricens  is ,  and  vice  versa,  revealed  little  or  no 
cross  immunity  between  the  parasites.   First-stage  A^.  cos  tari  cens  i  s  larvae 
developed  to  infective  third-stage  (proven  by  inoculation  into  rats)  in  all 
of  the  species  of  mollusks  tested,  but  in  much  smaller  proportions  than 
did  A.  cantonensis. 


In  an  effort  to  determine  if  A.  costaricens  i  s  occurs  in  the  U.S.  ,  1  ^42 
wild  cotton  rats  trapped  in  South  Texas  were  examined  for  natural  infection 
with  this  parasite.   Ail  were  negative. 

IFA  tests  on  sera  from  10  mice  experimentally  infected  with  A.  canto- 
nens is  demonstrated  the  appearance  of  antibody  in  all  mice  between"  10  and  22 
days  after  exposure.   Peak  titers  of  1:512  to  1:102'4  were  reached  within 
3  to  6  weeks  and  generally  diminished  to  between  1:64  and  1:256  by  k   months, 
the  last  time  period  tested.   All  but  1  of  17  sera  collected  within  a  few 
days  to  several  months  after  onset  of  illness  from  confirmed  human  cases  of 
eosinophilic  meningitis  in  Tahiti  had  titers  of  1:16  to  1:512.   In  11  cases 
from  which  specific  information  on  date  of  onset  o>     illness  was  available, 
it  was  determined  that  the  low-titered  sera  were  collected  either  7  to  10 
days  or  three  to  eight  months  after  onset.   However,  all  but  1  of  2^   sera 
collected  from  Samoans,  presumed  to  have  never  been  exposed  to  A.  cantonensis , 
reacted  to  the  antigen  in  dilutions  ranging  between  1:16  and  1  :6A.   Also, 
sera  from  one  of  three  laboratory  personnel,  also  presumed  not  to  have  had 
exposure  to  the  parasite,  reacted  to  the  antigen  at  a  dilution  of  1:128. 
Use  of  specific  immunoglobulin  conjugates  (igG  or  IgM),  heat  inactivation  of 
serum,  or  use  of  sections  of  third-stage  larvae  as  antigen,  did  not  appear 
to  improve  specificity. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Since  A.  costar icens is  was  recently  recognized  as  an  important  parasite 
of  man  in  Central  America,  it  was  of  interest  to  learn  if  species  of  rats 
and  mollusks  common  to  the  Pacific  area  could  serve  as  suitable  hosts  of  the 


140 


'-^»*'"""-^- 


T^-.'^v/i^-T' 


Honors  and  Awards 


See   NIAID  67D 


Pub) icat  ions 


None 


^  "''vl 


Serial  No.   NIAID  67K 

parasite.   A.  cantonens  i  s  is  widespread  in  the  Pacific  area  and  it  is 
conceivable  that  A.  costaricens  is  could  be  introduced  or,  in  fact,  already 
be  present  but  not  yet  recognized. 

Most  cases  of  eosinophilic  meningitis  occurring  in  the  Pacific  area  are 
presumed  to  be  caused  by  A^.  cantonens  i  s .  However  a  specific  diagnostic  test 
for  infection  with  A^.  cantonens  i  s  has  not  been  developed.  Evaluation  of  a 
fluorescent  antibody  test  for  this  purpose  is  therefore  indicated.  The  test 
might  also  have  application  in  diagnosing  human  intestinal  disease  caused  by 
A.  costar icens i s . 
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Proposed  Course  of  the  Project 

Further  observations  will  be  made  on  the  development  and  persistence  of 
antibody  to  both  A. cantonens  i  s  and  A^.  costar  icens  i  s  in  experimentally 
infected  animals,  including  observations  on  possible  antigenic  relationships 
between  the  parasites.   Attempts  are  being  made  to  obtain  serial  bleedings 
from  patients  with  eosinophilic  meningitis,  so  that  antibody  levels  in 
relation  to  onset  of  illness  can  be  determined.   Also,  sera  from  additional 
"normal"  subjects  will  be  tested. 
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Laboratory  of  Immunology 

July,  1,  1973  through  June  30,  197^* 

During  the  past  year  the  Laboratory  of  Immunology  has  continued  the 
record  of  scientific  achievement  which  has  been  established  over  the 
last  several  years.   This  was  accompanied  by  a  high  degree  of  research 
productivity  as  evidenced  by  the  publications  of  Laboratory  members. 
The  Laboratory  has  continued  its  role  in  the  training  of  young  scientists. 
This  training  function  is  associated  with  a  substantial  chajige  in  the 
temporary  scientific  staff  of  the  Laboraotry.   In  addition  to  this 
turnover  of  younger  scientists,  which  is  detailed  below,  one  of  the 
senior  members  of  the  Laboraotry,  Dr.  E.  Bruce  Merchant,  left  to  accept 
a  position  in  the  Bureau  of  Biologies,  FDA.   Three  research  associates. 
Dr.  John  Breitner,  Dr.  Benjamin  Cohen  and  Dr.  Michael  Harrison  completed 
their  assigments  at  the  beginning  of  this  fiscal  year.  Four  Visiting 
Fellows,  Dr  Mariella  Carta,  Dr.  Raphael  Sharon,  Dr.  Ramesh  Srivastava 
and  Dr.  John  van  Boxel,  one  NIAID  Special  Fellow,  Dr.  Michael  Gelfand, 
and  one  Guest  Worker,  Dr.  Salvatore  Carta,  completed  their  training  in 
the  Laboratory  during  the  past  year.   Many  of  these  individuals  made 
outstanding  research  contributions  diiring  their  tenure  in  the  Laboratoi^. 

Several  scientists  and  physicians  joined  the  Laboratory  this  year. 
They  are:  Dr.  Philip  Cohen,  Dr.  Andrew  Drexler  and  Dr.  Fred  Finkelman  as 
Research  Associates:  Dr.  Aftab  Ansari  and  Dr.  Ian  Zitron  as  Visiting 
Fellows  and  Dr.  Guido  Forni  and  Dr.  Hartmut  R{lhl  as  Guest  Workers. 

The  menibers  of  the  Laboratory  play  increasingly  important  roles  in 
the  immunologic  community.   Thus,  Dr.  Paul  serves  on  the  editorial 
boards  of  the  Journal  of  Experimental  Medicine,  the  Journal  of  Immunologic", 
Immuno chemistry,  Immimogenet i c s ,  Immunological  Communications,  and  the 
Scandanavian  Journal  of  Immunology.   He  is  also  a  member  of  the  Board  of 
Reviewers  of  Federation  Proceedings.   Dr.  Mage  is  a  member  of  the 
editorial  boards  of  Federation  Proceedings  and  Tmmunochemistry .   Dr.  Green 
and  Dr.  Inman  are  members  of  the  board  of  reviewers  of  Federation  Proceedings. 

Dr.  Mage  is  a  member  of  the  Allergy  and  Immxinology  Study  Section  of 
the  Division  of  Research  Grants,  KIH,  Dr.  Green  is  a  member  of  the 
Program  Committee  of  the  American  Association  of  Immunologists  and  Dr. 
Paul  served  as  chairman  of  the  Nominating  Committee  of  the  American 
Association  of  Immunologists  and  is  a  member  of  the  International 
Fellowship  Review  Panel  of  the  Fogarty  International  Center. 

Members  of  the  Laboratory  have  given  seminars,  chaired  symposia  and 
been  invited  speakers  at  important  meetings  in  the  United  States  and 
Europe.   Among  these  are  the  following: 


Dr.  Paul  chaired  symposia  at  the  annual  meeting  of  the  Reticuloendo- 
thelial Society  and  at  the  Federation  Conference  on  the  Biology  of 
Development  and  Aging.   In  addition.  Dr.  Inman  ,  Dr.  Shevach  and 


Dr.  Paiil  chaired  sessions  at  the  annual  FASEB  meeting  in  Atlantic  City. 
Dr.  Paul  presented  major  lectures  at  the  Symposium  on  Cellular  Selection 
and  Regulation  in  the  Immune  Response  at  Woods  Hole,  Mass.,  the  Symposium 
on  Basic  Immunology  and  Cancer  at  Cornell  University  Medical  College, 
the  Mid-West  Immunology  Conference  in  Chicago,  the  annual  meeting  of  the 
Reticuloendothelial  Society  in  Williamsburg,  Virginia,  the  UCLA-ICN 
Conference  on  Immunology  at  Squaw  Valley,  California,  the  New  York 
Academy  of  Sciences  International  Conference  on  Thymus  Factors  in 
Immunity  and  the  Brook  Lodge  Conference  on  Tolerance:  Mechanisms  and 
Potential  Therapeutic  Applications. 

Dr.  Mage  presented  major  talks  at  the  Symposium  on  Cellular  Selec- 
tion and  Regulation  in  the  Immiine  Response  at  Woods  Hole,  and  at  the 
Federation  Conference  on  Development  and  Aging.   She  chaired  a  workshop 
at  the  UCLA  -ICN  Conference  on  Immunology. 

Dr.  Green  presented  major  lectures  at  the  annual  meeting  of  the 
Reticuloendothelial  Society  in  Williamsburg,  Va. ,  the  Symposium  on  the 
Sezary  Cell  at  the  Mayo  Clinic  and  at  the  meeting  of  the  International 
Academy  of  Pathology  in  San  Francisco. 

Dr.  Shevach  was  an  invited  lecturer  at  the  Mid-Winter  Immunology 
Conference  at  Asilomar,  California  and  at  the  Symposium  on  Cancer  and 
Transplantation  at  Buffalo,  N.  Y.   Dr.  Mosier  presented  a  major  lecture 
at  the  Federation  Conference  on  Development  and  Aging  and  Dr.  Inman  gave 
an  invited  presentation  at  the  UCLA-ICN  Conference  on  Immunology. 
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The  Laboratory  of  Immunology  has  as  its  basic  goal  the  exloration 
of  fundamental  mechanisms  in  cellular  immunology,  immunogenetics ,  immuno- 
chemistry,  imm\inopathology  and  tumor  immiinology.   To  these  ends,  studies 
of  the  ontogeny  and  heterogeneity  of  lymphocytes,  of  the  nature  and 
function  of  antigen-binding  membrane  receptors  of  lymphocytes,  and  of 
the  mechanisms  of  tolerance  induction  and  lymphocyte  interactions  are 
being  actively  pursued.  Major  efforts  are  being  exerted  to  elucidate 
the  nature,  genetics  and  mode  of  function  of  specific  immune  response 
gene  products.   Mechanisms  of  cell  mediated  cytotoxicity,  of  the  nature 
of  the  genetic  and  chemical  control  of  immunoglobulin  synthesis  and 
variability  and  of  the  activation  of  immunocompetent  cells  are  being 
intensely  studied. 

ONTOGENY  OF  BONE-MARROW  DERIVED  LYMPHOCYTES 


The  origin  and  development  of  the  class  of  mammalian  lymphocytes 
which  include  precursors  of  antibody  secreting  cells  (B  lymphocytes)  is 
still  poorly  understood,  in  part  because  no  exclusive  source  organ  for 
these  cells  has  yet  been  identified.   In  recent  years,  several  cell 
surface  markers  have  been  identified  on  these  cells.   Some  of  these 
markers  (e.g.  surface  immunoglobulin)  have  clear  physiologic  roles, 
others  have  proposed  roles  (e.g.  the  receptor  for  the  third  component  of 
complement  (C))  and  still  others  are  completely  without  known  function. 
Work  from  the  Laboratory  of  Immunology  had  previously  demonstrated  that 
in  the  mouse  the  development  of  B  lymphocytes  bearing  surface  immunoglobulin 
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occiirred  well  before  lymphocytes  bearing  C  receptors  appeared.   During 
the  past  year,  it  has  been  demonstrated  that  the  duration  of  the  lag  in 
appearance  of  C  receptor  lymphocytes  (CRL)  is  genetically  controlled. 
AKR  mice,  in  which  the  interval  between  the  appearance  of  the  two  cell 
types  is  short,  appeared  to  differ  from  DBA/2  mice,  in  which  the  interval 
is  long,  by  two  genes  important  in  regulating  the  differentiation  of 
CRL.   Furthermore,  it  was  demonstrated  that  one  of  these  two  genes  was 
linked  to  the  major  histocompatibility  (H-2)  complex  of  the  mouse. 
Mapping  studies  indicated  that  this  gene  ( CRL-1 )  was  either  in  the 
telomeric  portion  of  the  H-2  complex  or  between  H-2  and  the  genes  coding 
for  the  TL  antigens.   This  is  the  first  demonstration  of  a  gene  regulating 
B  lymphocyte  differentiation  which  is  linked  to  the  major  histocompatibility 
complex.   Delineation  of  this  gene  may  have  important  implications  for 
the  analysis  of  the  critical  process  of  differentiation  and  acquisition 
of  immunocompetence  by  B  lymphocytes  (Gelfand  and  Paiil,  LI/NIAID,  Frank, 
LCI,  NIAID  and  Sachs,  IB/NCI. 

IN  VITRO  ANTIBODY  RESPONSE  TO  A  "THYMUS-IITOEPENDENT"  ANTIGEN 

The  use  of  Ficoll,  a  synthetic  polymer  of  sucrose  and  epichlor- 
hydrin,  as  an  immunogenic  carrier  for  hapten  derivatives  has  recently 
been  proposed  by  McMaster.   Studies  from  the  Laboratories  of  Immunology 
and  Microbial  Immunity  have  shown  that  e-2,i+-dinitrophenyl-lysyl -Ficoll 
(DNP-Ficoll)  is  a  powerful  antigen  in  mice,  that  the  response  to  this 
antigen  is  independent  of  thymus -derived  lymphocytes  and  that  the 
antibody  response  involves  cells  producing  IgM  and  IgG  antibody,  respectively. 
In  this  respect  DNP-Ficoll  is  unusual  in  that  the  response  to  most  T- 
independent  antigens  involves  little  or  no  antibody  of  the  IgG  class. 


Recently,  it  has  been  demonstrated  that  DNP-Ficoll  is  a  powerful 
in  vitro  stimulant  of  a  DNP-specific  antibody  response.   This  response  is 
independent  of  thymus-derived  (T)  lymphocytes.   Moreover,  depletion  of 
adherent  cells  from  spleen  cell  populations  does  not  diminish  the  response 
to  DNP-Ficoll  and  often  leads  to  an  increased  response.  Thus,  DNP-Ficoll 
is  a  T-independent  antigen  which  appears  to  directly  activate  precursors 
of  antibody  secreting  cells  when  it  binds  to  their  receptors,  at  least 
in  certain  critical  concentration  ranges.  Moreover,  since  DNP-Ficoll  is 
not  a  general  B  cell  stimulant,  the  most  logical  explanation  for  its 
stimulatory  characteristics  is  its  resistance  to  degradation  and  the  two 
dimensional  array  in  which  it  presents  antigenic  determinants.   Experiments 
are  now  in  progress  comparing  the  immunogenicity  of  Ficolls  of  varying 
sizes,  degrees  of  substitution  and  degrees  of  degradation  (or  polymerization). 
Through  such  studies  it  is  hoped  that  insight  will  be  gained  into  the 
critical  requirements  for  activation  of  precursors  of  antibody  secreting 
cells.   (Mosier,  Johnson  and  Paul  LI/NIAID  and  McMaster  IMI/NIAID) 

DISTINCT  T  AND  B  MITOGENS  ISOLATED  FROM  POKEWEED  MITOGEN 

Lymphocytes  from  many  species  may  be  activated  to  DNA  synthesis  by 
a  series  of  agents  including  the  plant  mitogens.   The  bulk  of  the  mitogenic 
lectins  activate  thymus  derived  (T)  lymphocytes  preferentially,  although 
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if  aggregated  onto  solid  matrices  these  agents  sometimes  acquire  the 
capacity  to  stimulate  thymus-independent  (B)  lymphocytes.  One  partic\ilarly 
important  stim-olant  is  pokeweed  mitogen,  which  has  teen  reported  to 
activate  both  T  and  B  lymphocytes.   It  has  previously  been  demonstrated 
that  5  mitogenic  lectins  can,  in  fact,  be  extracted  from  pokeweed 
(Phytolacca  americana).   These  lectins  have  been  termed  Pa  1-5-   It  has 
been  shown  that  Pa  2-5 ,  which  have  many  common  structural  featiores ,  are 
stimulatory  for  T  lymphocytes  exclusively  and  that  the  B  lymphocyte 
stimulatory  capacity  of  crude  pokeweed  mitogen  is  due  to  its  content  of 
Pa-1,  which  is  mitogenic  for  both  B  and  T  lymphocytes.   Moreover,  only 
Pa-1  causes  immunoglobulin  synthesis  in  vitro  further  supporting  the 
contention  that  Pa-1  is  the  only  B  lymphocyte  mitogen  in  pokeweed. 


Studies  are  now  in  progress  to  delineate  the  chemical  characteristics 
which  confer  on  Pa-1  its  B  cell  stimulatory  capacity.   In  particiilar, 
large  aggregates  of  Pa  2-5  are  being  prepared  to  determine  whether 
presence  of  multiple  lectin  binding  sites  on  a  single  particle  is  required 
for  the  stimulation  of  B  lymphocytes.   This  is  suggested  not  only  by 
work  on  other  aggregated  lectins,  as  noted  above,  but  also  by  the  finding 
that  Pa-1  aggregates  spontaneously  whereas  Pa-2-5  exist  as  single 
polypeptide  chains  at  neutral  pH.   Thus,  the  pokeweed  family  of  mitogens 
appeals  to  provide  a  particularly  powerfiil  tool  to  delineate  the  relative 
molecular  requirements  for  T  and  B  lymphocyte  activation.  (Waxdal  and 
Basham,  LI/NIAID). 

COMMON  CHARACTERISTICS  OF  A  FAMILY  OF  PROTEINS,  IMMU1\IE  RESPONSES  TO  WHICH 
ARE  CONTROLLED  BY  A  SINGLY  IM^NE  RESPONSE  GENE. 

The  capacity  to  mount  specific  immune  responses  to  several  antigens 
is  controlled  by  a  series  of  immune  response  (Ir)  genes  which  are  linked 
to  the  major  histocompatibility  locus  of  the  species.   In  the  mouse, 
these  genes  occur  in  a  region  known  as  I,  within  the  H-2  complex. 
Studies  from  the  Laboratory  of  Immunology  produced  the  first  evidence 
that  distinct  Ir  genes  exist  within  the  I  region  and  that  these  distinct 
Ir  genes  control  responsiveness  to  independent  antigens.   These  experiments 
demonstrated  that  antibody  production  in  response  to  immunization  with  a 
BALB/c  IgA  myeloma  protein  depended  on  an  Ir  gene  distinct  from  the 
genes  controlling  responses  to  an  IgG  {y      )  myeloma  protein.   One  of  the 
striking  findings  in  these  experiments  was  that  the  antibody  response 
which  was  observed  was  largely  specific  for  idiotypic  determinants  on 
the  myeloma  protein. 


Evidence  has  now  been  obtained  that  the  Ir  gene  controlling  responses 
to  one  IgG-K  myeloma  protein  probably  controls  responses  to  a  total  of  5 
proteins  of  the  same  class.   Thus,  the  product  of  Ir-IgG  gene  appears  to 
identify  antigenic  determinants  common  to  all  IgG-K  proteins  of  the 
strain.  This  would  indicate  that  the  gene  product  recognizes  allotypic 
determinants  despite  the  fact  that  the  predominant  antibody  response  is 
specific  for  idiotypic  determinants.   This  suggests  that  genetic  control 
in  this  system  operates  not  at  the  level  of  control  of  antibody  specificity 
but,  more  likely,  in  the  recognition  of  immunogenic ity.   In  turn,  this 
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suggests  that  the  Ir  gene  involved  in  recognizing  IgG  myeloma  proteins 

is  principally  expressed  in  T  lymphocytes.   (Lieberman  and  Patd,  LI/NIAID 

and  Potter,  LCB/NCI). 

DELINEATION  OF  MAJOR  HISTOCOMPATIBILITY  ANTIGENS  OF  GUINEA  PIGS 

The  major  histocompatibility  (h)  complex  of  guinea  pigs  has,  until 
recently,  been  poorly  understood.   Recent  studies  from  the  Laboratory  of 
Immunology  demonstrating  linkage  between  the  H  complex  and  the  genes 
controlling  specific  immune  responses  have  indicated  the  biologic  importance 
of  the  H  complex.   Furthermore,  the  demonstration  by  LI  scientists  that 
alloantisera  with  primary  specificity  for  the  2/13  class  of  guinea  pig 
histocompatibility  antigens  can  specifically  inhibit  recognition  of 
antigens,  responsiveness  to  which  is  controlled  by  specific  Ir  genes, 
emphasizes  the  need  to  delineate  the  guinea  pig  H  system.   This  is 
particularly  so  as  no  comparable  experimental  blocking  system  yet  exists 
in  other  species. 

It  has  now  been  shown  that  strain  2  and  strain  13  guinea  pigs 
differ  from  each  other  at  a  locus  tentatively  termed  the  2/13  locus  but 
that  they  share  the  same  specificity  at  another,  probably  linked, 
locus,  the  B,  C,  D  locus.   The  B,  C,  D  series  of  antigens  has  been  shown 
to  include  the  3  antigens  B,  C  and  D  and,  very  probably,  one  or  two 
additional  antigens  which  can  be  demonstrated  in  outbred  guinea  pigs. 
These  antigens  appear  to  bear  an  allelic  relationship  to  each  other,  but 
there  also  exist  one  or  two  additional  antigens  tentatively  identified 
by  the  number  of  the  sera  used  in  defining  them  (e.g.  336  and  3Uq)  which 
may  define  yet  another  locus  or  may  represent  public  specificities.   A 
series  of  breeding  studies  are  now  in  progress  to  determine  the  genetic 
linkage  existing  between  these  loci  and  to  help  to  define  the  relationship 
between  the  guinea  pig  H  complex  and  the  relatively  well  \inder stood 
human  and  mouse  major  histocompatibilty  complexes.   (Shevach,  LI/NIAID, 
Geczy  and  deWeck,  Inselspital,  Bern,  Switzerland). 

STRUCTURE  OF  GUINEA  PIG  HISTOCOMPATIBILITY  ANTIGENS 

Studies  from  the  Laboratory  of  Immunology  conducted  over  the  last 
several  years  have  demonstrated  an  important  genetic  and  functional 
relationship  between  antigen-recognition  by  thymus-derived  lymphocytes, 
immune  response  gene  products  and  histocompatibility  antigens.   More 
precisely,  it  had  previously  been  demonstrated  that  specific  Ir  gene 
product  function  in  antigen  recognition  by  guinea  pig  T  lymphocytes  can 
be  blocked,  in  vitro,  by  antisera  directed  at  histocompatibility  antigens 
coded  for  at  the  2/13  locus.   Preliminary  studies  suggest  that  antisera 
directed  at  histocompatibility  antigens  coded  for  at  the  B  locus  do  not 
block  such  antigen  recognition.   Thus,  it  is  possible  that  the  2/13 
class  of  antigens  are  linked  to  specific  antigen  recognition  sites  which 
might  function  as  receptors  on  T  lymphocytes.   Consequently,  attempts  to 
chemically  characterize  these  histocompatibility  antigens  were  begun. 
Using  enzyme  catalyzed  iodination  of  cell  surface  proteins,  it  has  been 
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shown  that  the  2  and  13  antigens  extracted  from  lymph  node  cells  and,  in 
the  case  of  the  2  ajitigen,  from  a  leiikemia  cell,  have  a  molecular  weight 
of  approximately  25,000  daltons.   On  the  other  hand,  the  B  antigen 
consists  of  2  chains,  one  of  which  has  a  molecular  weight  of  i+5,000 
daltons  and  the  other  a  molecular  weight  of  approximately  12,000  daltons. 
The  2/13  antigens  have  thus  far  been  demonstrated  only  on  lymphoid  cells 
whereas  the  B  antigen  is  much  more  widely  distributed.  Surface  immuno- 
fluorescence studies  reveal  that  2  and  B  migrate  independently  in  the 
plane  of  the  membrane,  indicating  that  they  are  independent  molecules. 
F\irther  chemical  characterization  of  the  2  and  13  antigens  are  now  in 
progress  with  the  aim  of  establishing  whether  the  molecules  bearing 
these  antigens  also  beaj'  specific  antigen-binding  receptors.  (Finkelman, 
Shevach,  Green  and  Paul,  LI/NIAID). 

DEVELOPMENT  OF  A  THEORETICAL  MODEL  TO  EXPLAIN  HETEROGENEITY  OF  ANTISERA 
WITH  LIMITED  NUMBERS  OF  V  REGION  GENES 

One  of  the  principal  characteristics  of  the  immune  response  to 
simple  antigens  is  the  high  degree  of  molecular  heterogeneity  among  the 
specific  antibodies  which  are  produced.   This  has  led  to  the  concept 
that  the  library  of  genes  required  to  encode  this  variability  must  be 
enormous.   Inman  has  recently  developed  a  sophisticated  mathematical 
model,  based  on  multiple  specificity  of  antibody  molecules,  which  can 
explain  the  great  heterogeneity  and  precise  specificity  of  antisera 
produced  in  response  to  a  given  antigen  and  yet  requires  relatively 
small  numbers  of  genes  for  the  vai-iable  regions  of  heavy  (H)  and  light 
(L)  chains.   Computer  models  have  been  devised  to  more  fully  determine 
the  predictive  value  of  this  theory  and  experiments  aimed  at  testing 
certain  aspects  of  this  proposal  are  now  in  progress.   (Inman  LI/NIAID) 


¥. 


CHARACTERIZATION  OF  PEPTIDES  BEARING  a  LOCUS  ALLOTYPIC  DETERMINANTS 

The  variable  region  of  the  heavy  (H)  polypeptide  chain  makes  the 
principal  contribution  to  the  specific  antigen-binding  site  of  antibodies. 
In  the  rabbit,  allotypic  forms  of  H  chains  exist  which  are  controlled  by 
alleles  of  the  genes  coding  for  the  variable  region  of  the  H  chain  (V 
genes).   The  demonstration  of  stable  genetic  markers  in  the  V  region, 
transmitted  according  to  Mendelian  rules,  has  importajit  implications  for 
the  genetic  basis  of  antibody  diversity.   LI  scientists  previously  isolated 
from  antibodies  of  limited  heterogeneity  of  a3  allotype,  a  peptide  with 
a3  antigenic  activity.   These  studies  have  new  been  extended  to  immiinoglobulin 
of  the  al  and  a2  allotypes.   In  addition,  chemical  analysis  of  the 
peptide  with  a3  antigenic  activity  indicates  a  moleculsir  weight  of  '^ 
6,000  daltons.   This  peptide  loses  antigenic  activity  and  its  molecular 
weight  diminishes  upon  reduction,  suggesting  that  antigenic  activity  is 
contributed  to  by  two  peptides  linked  by  a  disulfide  bond.   These  studies 
should  allow  a  precise  localization  of  the  portion  of  the  variable 
region  responsible  for  the  allotypic  antigenic  activity  and  a  delineation 
of  the  relation  of  these  determinants  to  those  portions  of  the  variable 
region  which  form  the  specific  binding  site  of  antibody.   In  turn,  this 
will  be  of  importance  in  the  determination  of  genetic  control  of  antibody 
diversity  and  of  the  mechanism  by  which  binding  sites  of  antibodies  are 
formed.   (Mage,  Carta,  Young-Cooper,  LI/NIAID). 
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IDENTIFICATION  OF  THE  ORIGIN  OF  MALIGNANT  HUMM  RETICULAR  CELLS 


There  are  a  wide  variety  of  tumors  of  the  h\aman  lymphoid  system. 
One  principal  problem  in  classifying  these  tumors  has  been  a  lack  of 
understanding  of  the  type  of  lymphoid  cell  which  gives  rise  to  the 
malignant  cells  in  the  various  lymphoid  tumors.   Recently,  techniques 
for  identifying  cell  surface  markers  of  human  thymus-dependent  (T)  and 
thymus-independent  (B)  lymphocytes  and  of  monocytes  have  been  developed 
and  applied  to  the  determination  of  cell  types  in  tissue  sections.   Much 
of  the  pioneering  work  in  this  field  has  been  carried  out  by  the  Laboratory 
of  Immunology  sceintists.   Through  the  use  of  these  procedures,  it  has 
been  shown  that  nodular  lymphoma  is  a  malignsincy  of  human  B  lymphocytes 
and  that  poorly  differentiated  lymphoma,  diffuse,  is  principally  a 
malignancy  of  T  lymphocytes.   Finally,  histiocytic  medullary  reticulosis 
appears  to  be  a  monocyte  tumor.   The  procedures  utilized  here  should  be 
of  importance  in  diagnosis,  classification  and  prognosis  of  human 
lymphoid  tumors.   Moreover,  as  our  knowledge  of  distinct  metabolic  and 
physiologic  characteristics  of  lymphocyte  subtypes  improves,  these 
diagnostic  tools  may  allow  rational  therapeutic  chaices  to  be  made. 
(Green  and  Shevach,  LI/NIAID,  Frank,  LCI,  NIAID  and  Jaffe,  LP,  NCI). 
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Project  Subtitle  I:   Surface  Components  of  Guinea  Pig  l4ymphocytes. 

Project  Description: 

Objectives: 

The  analysis  of  the  chemical  basis  of  antigen-recognition  by 
lymphocytes  and  of  the  subsequent  activation  of  these  cells  would  be 
markedly  aided  by  the  isolation  and  characterization  of  the  components 
of  the  lymphocyte  membrane  responsible  for  this  recognition.   The  two 
principal  classes  of  molecules  which  appear  to  be  of  importance  in 
specific  antigen-recognition  are  membrane  associated  immunoglobulin  and 
the  products  of  specific  immune  response  (Ir)  genes.   Substantial  work 
on  the  molecular  characterization  of  membrane  immiinoglobulin  of  thymus- 
independent  (B)  lymphocytes  of  the  mouse  has  been  reported  by  several 
groups.   Consequently,  our  studies  of  surface  immunoglobulin  of  guinea 
pig  B  lymphoyctes  were  regarded  as  laying  the  groundwork  for  further 
studies  of  receptor  structure.   On  the  other  hand,  both  the  question 
of  the  existence  of  immunoglobulin  on  thymus-dependent  (T)  lymphocytes 
and  of  the  structure  of  the  Ir  gene  product  are  critical,  and  unresolved 
issues.   In  the  latter  case,  study  of  guinea  pig  cells  is  particularly 
important  as  it  only  in  this  species  that  alloantisera  capable  of  blocking 
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Ir  gene  function  have  been  produced  (see  Project  Report-lU2).   These 
sera  provide  an  important  tool  to  characterize  the  products  of  genes 
closely  linked  to  Ir  genes  and,  quite  possibly  may  allow  an  analysis  of 
the  Ir  gene  products  themselves. 

Methods  Employed 

Various  cell  types  including  lymph  node  lymphocytes,  purified 
peritoneal  exudate  lymphocytes,  peritoneal  exudate  cells  and  thymocytes 
from  strain  2  and  strain  13  guinea  pigs  and  L  C  leukemia  cells  from 
strain  2  guinea  pigs  were  radioiodinated  in  the  living  state  by  the 
lactoperoxidase  procedure.   This  technique  confines  labelling  to  surface 
components  and  radioactive  molecules  can  be  regarded,  in  the  main,  to  be 
membrane  components.   These  components  are  extracted  with  the  non-ionic 
detergent  nonidet-P-UO  (NP-^iO).   The  dialyzed  extract  is  analyzed  by 
sequential  precipitation  with  characterized  antisera.   The  immunoprecipitate 
is  extensively  washed,  dissolved  in  sodium  dodecyl  sulfate  (SDS)  and 
subjected  to  electrophoresis  in  SDS-polyacrylamide  gels. 

Major  Findings: 

From  the  surface  of  strain  2  guinea  pig  lymph  node  cells,  immuno- 
globulins with  heavy  (H)  chains  of  mobility  equal  to  that  of  authentic 
M  and  Y  chains  are  isolated.   In  general,  the  radioactivity  assoicated 
with  M-like  chains  exceeds  that  assoicated  with  y-like  chains  and  the  p- 
like  chains  are  found  in  relatively  low  molecular  weight  molecules, 
suggesting  they  exist  as  monomeric  IgM.   Whether  the  y   chains  found  on 
the  surface  of  lymph  node  lymphocytes  represent  immunoglobulin  synthesized 
by  the  cells  which  bear  it  or  are  cytophilic  molecules  has  not  yet  been 
established. 


After  immunoglobulin  has  been  specifically  precipitated  from  the 
cell  extract,  antigens  reacting  with  antisera  directed  at  antigens  coded 
for  at  the  2/13  locus  can  be  precipitated  by  the  addition  of  isologous 
anti-2  serum  followed  by  rabbit  anti-guinea  pig  immunoglobulin.   The  2 
alloantigen  prepared  in  this  way  has  a  mobility  on  SDS-polyacrylamide 
gel  electrophoresis  consistent  with  a  molecular  weight  of  25,000  daltons . 
No  lower  molecular  weight  chain  has  yet  been  isolated  with  the  2  alloantigen. 
Analysis  of  extracts  of  labeled  strain  13  cells  yields  a  product  precipitable 
with  anti-13  serum  which  has  a  molecular  weight  of  25,000  daltons. 
These  molecular  weights  are  quite  different  from  those  of  the  D  and  K 
antigens  of  mice  and  the  LA  and  Four  antigens  of  humans.   Indeed,  they 
resemble  in  molecular  size  the  recently  described  la  antigens  of  mice, 
which  are  the  products  of  genes  located  in  or  very  close  to  the  region 
of  the  H-2  complex  in  which  the  great  majority  of  most  Ir  genes  are 
found.   Furthermore,  as  described  in  Project  lU2,  the  2/13  antigens  and 
the  la  antigens  are  largely  confined  to  the  lymphoid  tissue  and  anti-2 
sera  specifically  block  Ir  gene  product  functions  in  a  manner  which 


-^  1 


Serial  No.  NIAID  -  lUO 

suggests  a  physical  link  between  the  2  alloantigen  and  the  2-linked  Ir 
gene  products.   Because  of  this,  the  molecule  bearing  the  2  alloantigen 
may  also  contain  the  Ir  gene  product.   If  the  latter  mediates  a  specific 
recognition  function  one  would  anticipate  it  to  be  highly  heterogeneous 
molecule.   Attempts  to  determine  whether  the  2  and  13  antigens  display 
such  molecular  heterogeneity  are  now  in  progress. 

Recently,  a  new  series  of  guinea  pig  histocompatibility  antigens 
have  been  described  (see  Project  #1^2).   The  prototype  antigen  of  this 
series,  B,  is  present  on  a  variety  of  tissues  of  both  strain  2  and 
strain  13  guinea  pigs.   Anti-B  sera  identify  an  alloantigen  in  labelled 
extracts  of  strain  2  or  strain  13  lymph  node  cells  with  a  molecular 
weight  of  ^5,000  daltons,  associated  with  which  is  a  second  chain  with  a 
molecular  weight  of  '^   12,000  daltons.   The  B  antigen  appears  to  be 
similar  in  this  regard  to  the  D  ajid  K  antigens  of  mice  and  the  LA  and 
Four  antigens  of  hxomans.   Furthennore ,  the  low  molecular  weight  chain 
may  be  the  guinea  pig  analog  of  6  -microglobulin.   Preliminary  studies 
of  anti-B  alloantiseriim  indicate  that  it  does  not  block  antigen-recog- 
nition by  T  lymphocytes  (Project  1^42),  emphsizing  the  unique  importance 
of  the  2/13  alloantigens. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Ir  gene  products  have  a  crucial  role  in  antigen  recognition  by  T 
lymphocytes.   Indeed,  in  both  experimental  animals  and  humans,  possession 
of  given  Ir  genes  confers  susceptibility  or  resistance  to  given  diseases 
to  the  individual.   The  delineation  of  the  chemical  basis  for  Ir  gene 
product  function  may  allow  an  understanding  of  how  T  lymphocytes  recog- 
nize antigen  and  may  lead  to  strategies  for  controlling  Ir  gene  product 
f\inction  in  clinically  important  situations. 


tr 


Proposed  Course  of  Project: 

Efforts  to  further  characterize  the  2/13  antigens,  to  determine 
their  molecular  heterogeneity  and  to  isolate  them  in  larger  yield  are 
planned.   In  addition,  use  of  the  lactoperoxidase  catalyzed  iodination 
procedure  will  be  made  in  attempts  to  label  specific  receptors  of  both 
and  B  lymphocytes. 

Project  Subtitle  II:  Specificity  of  T  cell  Receptors  for  Antigen 

Project  Description: 

Objectives: 

T  lymphocytes  appear  to  play  a  central  role  in  immune  recognition 
and  in  the  protective  fionctions  of  the  immiine  system.   However,  the 
nature  of  their  surface  receptor  for  antigen  is  unknown.   The  simplest 
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theory  of  inmune  recognition  would  have  T  cell  receptors  be  immunoglobu- 
lin like  molecules.   There  are  two  major  problems  with  this  theory.   One 
is  that  surface  immunoglobulin  has  not  been  reproducibly  detected  on 
T  cell  surfaces.   The  other  is  that  the  structures  recognized  by  T  cells 
appear  to  differ  from  those  for  which  B  cells  or  antibody  are  specific. 
This  study  was  undertaken  to  evaluate  a  recent  observation  that  T  cells 
might,  under  certain  conditions,  recognize  a  chemically  definable  antigenic 
determinant,  the  2,4  dinitrophenyl  or  DNP  group.  If  this  could  be  established, 
it  would  allow  precise  analysis  of  fine  specificity  of  T  cell  receptors, 
particularly  in  comparison  to  that  of  anti-DNP  antibody. 

Methods  Employed: 

Peritoneal  exudate  lymphocytes  from  immune  guinea  pigs  are  composed 
largely  of  T  cells,  which  will  synthesize  DNA  in  vitro  when  cultured  in 
the  presence  of  the  antigen  to  which  the  donors  of  these  cells  have  been 
immunized.   Guinea  pigs  with  T  cell  responses  with  apparent  DNP  speci- 
ficity were  prepared  by  immunization  with  DNP  coupled  directly  to 
Mycobacterium  tuberculosis  of  strain  H3TRa  (DNP-H3T)  and  the  responsiveness 
of  their  lymphocytes  to  a  series  of  antigens  was  tested.   Specificity  of 
the  antibody  produced  by  such  animals  was  determined  by  binding  to  radiolabelled 
antigens  or  by  inhibition  of  binding  to  reference  radiolabelled  antigens. 

Major  Findings: 

When  guinea  pigs  are  immunized  with  DNP-protein  antigens,  their 
peritoneal  exudate  lymphocytes  (PELs)  synthesize  DNA  in  vitro  when 
cultured  with  the  immunizing  DNP  conjugate,  or  with  the  carrier  alone. 
Little  or  no  proliferation  is  observed  when  DNP  conjugates  of  other 
proteins  are  placed  in  culture.   This  phenomenon  is  called  carrier  or 
conjugate  specificity  and  is  a  well  known  property  of  T  cells.  On  the 
other  hand,  priming  with  DNP-H37,  while  leading  to  PELs  highly  respon- 
sive to  tuberculin,  gives  rise  to  a  very  good  in_  vitro  response  to  DNP 
coupled  to  a  variety  of  protein  carriers.   Carrier  alone  fails  to  stimulate 
these  cells  nor  do  DNP-proteins  stimulate  cells  from  guinea  pigs  primed 
with  H3T  alone.   Thus  the  hapten  plays  an  essential  role  in  the  antigenic 
determinant  these  T  cells  recognize.  This  is  further  emphasized  by 
studies  using  chemical  analogs  of  DNP  as  hapten  on  a  single  type  of 
carrier,  the  protein  ovalbumin.   These  studies  showed  that  the  para- 
nitro  group  is  essential  both  for  T  cell  and  for  antibody  recognition  of 
the  hapten.   On  the  other  hand,  the  ortho-nitro  group  plays  little  or  no 
role  in  this  response,  nor  is  it  necessary  for  antibody  binding.   The 
role  of  the  linkage  to  the  carrier  protein  in  this  response  was  elucidated 
by  coupling  DNP  to  protein  by  means  of  a  flexible  tripeptide  spacer 
molecule,  6-alanyl-glycyl -glycine,  or  DAG.   DNP  proteins  are  stimulatory, 
while  DAG  proteins  are  not.   On  the  other  hand,  DNP  and  DAG  proteins 
both  bind  antibody  and  participate  in  cell-cell  collaborat .on  in  antibody 
responses;  indeed,  DAG  proteins  are  more  inhibitory  of  DNP  binding  than 
are  DNP  proteins.   Thus,  T  cell  recognition  seems  to  involve  precise 
recognition  of  the  hapten  determinant,  plus  additional  determinants 
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provided  by  the  carrier.   Not  only  do  DAG  proteins  fail  to  stimulate 
cells  from  DNP-H37  primed  animals,  but  also  DNP-Ficoll  and  DNP  conjugates 
of  synthetic  copolymers  of  gultamic  acid  and  lysine,  DNP-L-GL  and 
DNP-D-GL  do  not  stimulate  these  cells.   This  failure  to  respond  to 
DNP-Ir-GL  was  seen  in  both  strain  2  and  strain  13  guinea  pigs ,  and  therefore 
is  not  under  the  control  of  the  Ir  gene  for  DNP-L-GL.   It  was  found  that 
a  carrier  similar  to  L-GL,  but  containing  1%   tyrosine,  DNP-L-TGL, 
stimulated  the  T  cells  as  well  as  DNP  protein  conjugates.   Fiirthermore , 
removal  of  DNP  groups  from  the  tyrosine  residues  of  L-TGL  by  selective 
thiolysis  with  2-mercaptoethanol  abolished  stimulation  by  these  compounds, 
although  there  were  still  as  many  DNP-lysine  residues  in  the  conjugate 
as  before  thiolysis.   That  the  carrier  had  not  simply  been  destroyed  was 
shown  by  re-dinitrophenylation,  which  restored  stimulatory  capacity  to 
DNP-L-TGL.   Similar  studies  gave  identical  results  using  a  terpolymer  of 
tyrosine,  glutamic  acid  and  alanine,  where  the  DNP  will  conjugate  only 
to  the  N  terminal  amino  group  and  to  the  hydroxy  group  of  tyrosine. 
A  number  of  attempts  to  inhibit  this  response  with  free  hapten,  including 
mono-0-DNP-tyrosine,  have  failed.   Interestingly,  pretreatment  of  the 
guinea  pigs  with  DNP-D-GL  can  reduce  their  anti-DNP  antibody  response  to 
DNP-H3T  by  3000  fold  without  affecting  their  T  cell  response  to  hapten. 
This  is  further  evidence  for  the  distinction  between  T  and  B  cell  receptors 
for  DNP.   Extensive  studies  of  the  antibody  produced  by  such  animals  has 
not  yet  revealed  a  serological  correlate  for  the  specificity  of  this  T 
cell  receptor. 
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In  conclusion,  these  studies  have  defined  in  some  detail  the  nature 
of  the  antigenic  determinants  recognized  by  these  T  cells.   They  recognize 
DNP  with  a  high  degree  of  precision,  which  correlates  well  with  recognition 
of  DNP  by  antibody  from  the  same  animal.   However,  T  cells  also  recognize 
other  determinants  which  are  contributed  by  the  carrier.   Surprisingly, 
this  determinant  principally  involves  DNP  linked  to  the  hydroxy  of 
tyrosine. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

T  cells  are  central  to  the  precess  of  immune  recognition,  or  self- 
non-self  discrimination  which  is  important  in  resistance  to  infection 
and  to  tumors,  and  in  some  forms  of  autoimmune  disease.  An  understanding 
of  how  recognition  takes  place  will  be  aided  by  precise  definition  of 
the  specificity  of  the  recognition  site.   The  demonstration  and  evaluation 
of  hapten  specific  T  cells  provides  an  important  beginning  to  this 
analysis. 


Proposed  Course  of  Project : 


The  project  will  be  pursued  along  several  interrelated  courses.  1. 
Further  definition  of  T  cell  specificity  using  other  haptens,  other 
linkages  to  carrier,  and  other  synthetic  carriers.  2.   Attempts  are 
being  made  to  extend  the  system  to  mice,  where  T  cell  subpopulations  are 
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better  defined.  3-   A  search  will  "be  made  in  this  system  for  antigen 
binding  T  cells  smd,  if  found,  they  will  be  used  for  the  study  of  inhibiiton 
of  antigen  binding  by  hapten.  U.      An  attempt  will  be  made  to  design  an 
affinity  labelling  reagent  to  specifically  label  this  receptor  and 
isolate  it,  so  that  it  can  be  chemically  characterized.  5.   Using  the 
knowledge  provided  by  the  exquisite  sensitivity  and  specificity  of  T 
cells  for  chemically  defined  antigens,  further  attempts  will  be  made  to 
define  precisely  those  determinants  recognized  by  serum  antibody  and  by 
B  cells. 

Publications:  .  


Cohen,  B.E. ,  Rosenthal,  A.S.  and  Paul,  W.E.  Antigen-macrophage 
interaction.   I.  Hapten-specific  inhibition  of  antigen  interactions 
with  macrophages  from  immune  animals.  J .  Immunol .  111:811,  1973. 

Cohen,  B.E. ,  Rosenthal,  A.S.  and  Paul,  W.E.   Antigen-macrophage 
interaction.   II.  Relative  roles  of  cytophilic  antibody  and  other 
membrane  sites.  J .  Immunol .  111:820,  1973- 

Davie,  J.M. ,  Cohen,  B.E.  and  Paul,  W.E.  Antigen-binding  receptors 
on  immunocompetent  cells.  In  Specific  Receptors  of  Antibodies, 
Antigens  and  Cells.   3rd  Inter.  Convoc .  Immunol.,  Buffalo,  N.Y. , 
1972,  pp  308-316  (Karger,  Basel,  1973). 

Davie,  J.M. ,  and  Paul,  W.E.   Antigen-binding  receptors 

on  lymphocytes.   Contemporary  Topics  in  Immunobiology,  3:171,  197^. 

Paul,  W.E.  Antigen  recognition  and  cell  receptor  sites  in  Defense 
and  Recognition.  (R.R.  Porter,  editor).  Butterworth,  London,  1973, 
P  329. 

Paul,  W.E.  and  Benacerraf,  B.   Antigen  recognition.  In  Mechanisms 
of  Cell-Mediated  Immunity  (ed.  by  R.T.  McCluskey  and  S.  Cohen). 
John  Wiley  and  Sons,  New  York,  197^,  0  61.    „ 

Cohen,  B.E.  and  Paul,  W.E.  Macrophage  control  of  time-dependent 
changes  in  antigen  sensitivity  of  immune  T  lymphocyte  populations. 
J.  Immunol.  112:359,  197^. 

Davie,  J.M. ,  Paul  W.E.,  Asofsky,  R.  and  Warren,  R.W.  Ontogeny  of 
immunoglobulin  bearing-lymphocytes  and  DNP-specific  antigen-binding 
cells  in  guinea  pigs.  J.  Immunol,  in  press. 
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Project  Sub-t 
Objectives: 

Ontogeny 

Df 

Bone  Marrow  Derived  Lymphocytes 

The  development  of  the  thymus  independent  (B)  lymphocytes  of  mammals 
has  been  relatively  difficult  to  study  because  no  single  central  lymphoid 
organ  in  which  B  lymphocytes  develop  has  yet  been  identified  in  mammals 
and  because  it  is  very  difficult  to  obtain  populations  of  B  lymphocyte 
precursors  devoid  of  mature  B  lymphocytes.   As  a  possible  solution  to 
this  difficulty,  we  have  studied  the  events  associated  with  the  appearance 
of  B  lymphocytes  in  spleens  and  livers  of  neonatal  mice. 
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We  have  previously  demonstrated  that  lymphocytes  bearing  surface 
immunoglo'biilin  increase  markedly  in  number  in  the  iimnediate  post  natal 
period  and  that  the  proportion  of  splenic  lymphocytes  with  surface 
immunoglobulin  in  one  week  old  mice  approaches  that  of  splenic  lymphocytes 
of  adult  mice.   On  the  other  hand,  B  lymphocytes  bearing  receptors  for 
the  activated  third  component  of  complement  (C3)  are  not  detectable 
until  later  in  life.   This  lag  in  the  appearance  of  B  lymphocytes  with  C 
receptors  (CRL)  as  compared  to  Ig  bearing  B  lymphocytes  occurs  in  aj.1 
mouse  strains  tested  but  is  of  very  short  duration  in  AKR  mice,  of 
intermediate  duration  in  A  mice  and  of  long  duration  in  many  other 
strains,  including  C57BL/6,  BALB/c  and  DBA/2.   Our  current  experiments 
were  aimed  at  determining  whether  this  strain  difference  in  the  rate  of 
CRL  appearance  was  controlled  by  one  or  two  genes  or  was  dependent  on 
the  action  of  large  numbers  of  genes. 

Methods  Employed: 

Complement  receptor  lymphocytes  were  enumerated  by  the  formation  of 
rosettes  with  sheep  erythrocytes  (E)  coated  with  19S  anti  erythrocyte 
antibody  (A)  and  complement  (C).   Mice  to  be  tested  for  frequency  of  CRL 
were  12  to  17  days  of  age,  althoxigh  efforts  were  made  to  use  animals 
that  were  precisely  two  weeks  old. 

Major  Findings: 

Analysis  of  CRL  frequency  in  2  week  old  AKR,  DBA/2,  (AKR  x  DBA/2 )F 
(F  X  AKR)  and  (F  x  DBA/2)  mice  indicated  that  AKR  mice  differed  from 
DBa/2  mice  at  two  genes  important  in  determining  CRL  frequency  in  yo\ang 
mice.   In  particular,  2  week  old  F  mice  have  a  CRL  frequency  intermediate 
between  that  of  AKR  (high)  and  DBA72  (low).   Of  the  progeny  of  an  F  x 
DBA/2  cross,  approximately  25^  resemble  the  DBA/2  parent  and  have  few 
CRL  at  two  weeks  of  age,  while  the  remainder  have  intermediate  or  high 
CRL  frequency.   When  the  histocompatibility  type  of  low  CRL  mice  of  this 
backcross  is  determined,  all  are  found  to  be  homozygous  for  the  histo- 
compatibility type  of  the  low  CRL  parent  (DBA/2),  indicating  that  one  of 
the  genes  involved  in  controlling  the  rate  at  which  CRL  appear  is  linked 
to  the  major  histocompatibility  complex.   This  conclusion  is  supported 
by  the  frequency  of  CRL  in  two  week  old  H-2  congenic  mice.  Thus,  BIO. A 
mice  have  an  intermediate  CRL  frequency  like  A  mice,  which  are  the 
donors  of  the  H-2  region  of  the  BIO. A,  but  unlike  BIO  mice,  which  donated 
the  remainder  of  the  genome  to  the  BIO. A.  Furthermore,  two  other  BIO 
congenic  strains  are  of  low  CRL  type  (BIO. BR  and  B10.D2).  In  another 
congenic  series,  the  A. By,  A.Ca  and  A.Sw  are  all  of  low  CRL  cype, 
while,  as  noted  above,  the  A  is  intermediate. 

We  have  termed  the  H-2  linked  gene  involved  in  the  control  of  CRL 
development  CRL-1  and  by  study  of  H-2  and  H-2-Tla  recombinant  mice,  have 
localized  CRL-1  to  the  right  of  the  genes  controlling  serijm  substance 
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(Ss-Slp)  and  to  the  left  of  the  genes  controlling  the  TL  antigens.   To 
our  knowledge  this  is  the  first  H-2  linked  gene  controlling  B  lymphocyte 
development  which  has  been  identified. 

One  additional  study  which  the  time  table  of  CHL  appesirajice  in 
neonatal  mice  makes  possible  is  an  evaluation  of  the  role  of  the  complement 
receptor  in  B  cell  activation.   One  hypothesis,  advanced  by  Dukor  ajid 
Hartmann,  is  that  the  activation  of  B  lymphocytes  requires  the  interaction 
of  activated  complement  with  the  C3  receptors  on  the  B  cell  surface.  If 
this  thesis  were  correct,  then  B  lymphocytes  which  lack  complement 
receptors  should  fail  to  respond  to  agents  which  stimialate  mitosis  in  B 
lymphocytes.   Such  populations  of  complement  receptor  negative  B  lympho- 
cytes may  be  obtained  from  the  spleens  of  3  to  5  day  old  BALB/c  mice. 
These  spleen  cells,  although  lacking  detectable  CRL,  respond  very  vigorously 
to  the  B  cell  mitogens  E_^  coli  lipopolysaccharide  and  poly  inosinic  . 
poly  cytodilic  acid.   This  result  indicates  that  the  complement  receptor 
of  the  B  lymphocyte  is  not  an  absolute  requisite  for  the  activation  of 
that  cell. 

Significance  to  Biomedical  Research  aind  the  Program  of  the  Institute: 

These  studies  provide  us  with  cellular  and  genetic  tools  to  more 
precisely  analyze  the  process  of  development  of  B  lymphocytes  and  the 
mechanisms  by  which  these  cells  are  activated.   As  this  cell  type  is 
responsible  for  the  production  of  antibodies,  this  regulatory  information 
may  be  of  importance  in  attempts  to  manipulate  B  cell  functions  more 
precisely. 
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Proposed  Course  of  Project: 

PrincipaJ.  emphasis  will  be  placed  on  developing  methods  for  assessing 
molecular  requirements  for  B  cell  activation  and  tolerance  induction. 


Project  Subtitle  II: 


Obectives; 


Responses  of  B  lymphocytes  to  "T-dependent "  antigens 
in  the  absence  of  T  lymphocytes 


A  complete  humoral  immune  response  to  most  antigens  requires  the 
collaborative  function  of  T  lymphocytes  in  the  activation  of  precursors 
of  antibody  secreting  cells.   The  role  of  "helper"  T  cells  in  B  cell 
activation  is  still  not  clear.   Indeed,  it  is  not  certain  whether  the 
principal  role  of  the  T  cell  is  to  present  antigen  to  the  B  cell  or  to 
regulate  the  response  of  the  B  cell  after  it  has  been  activated  by 
antigen.   If  the  latter  hypothesis  is  correct,  then  one  would  anticipate 
that,  even  in  the  complete  absence  of  T  cells,  so-called  "T-dependent" 
antigens  should  cause  some  type  of  response  on  the  part  of  B  cells. 
Indeed,  in  last  year's  annual  report  we  presented  results  based  on 
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iinm\inization  of  thymus-deprived  mice  which  support  this  view.   In  order 
to  investigate  this  issue  more  thoroughly,  we  tested  the  in_  vitro  response 
of  spleen  cells  of  normal  and  athymic  mice  to  T-dependent  antigens. 

Methods  Employed: 

Spleen  cell  suspensions  from  normal  and  congenitally  athymic  (nu/nu) 
mice  were  cultured  in  Microtiter  plates  in  the  presence  of  various 
stimulants  including  E^.  coli  lipopolysaccharide  (LPS),  2,i+-dinitrophenyl 
(DNP)  hemocyanin  or  DNP-bovine  serum  albumin  (DNP-BSA) .   At  various 
times  after  initiation  of  culture  (usually  72  hours)  incorporation  of 
tritiated  thymidine  (3H-TdR)  into  DNA  was  determined.   In  addition, 
synthesis  of  immunoglobulin  (ig)  was  measured  in  some  cultures  by  determining 
incorporation  of  3H-leucine  into  material  which  was  precipitable  with 
anti-Ig. 

Major  Findings: 

Both  DNP-BSA  and  DNP-hemocyajiin  proved  capable  of  initiating  DNA 
synthetic  responses  on  the  part  of  spleens  from  normal  and  DNP-primed 
animals.   The  responses  were  of  the  order  of  6  to  10  fold  in  magnitude, 
were  not  diminished  by  pretreatment  of  spleen  cells  with  anti-   and  C 
and  could  be  obtained  with  cells  from  congenitEilly  athymic  ( nu/nu )  mice. 
The  responses  did  not  appear  to  be  due  to  contamination  with  endotoxin 
as  many  of  the  DNP-proteinS/-were  highly  stimulatory  even  when  LPS  contamination 
was  less  than  1  part  in  10   .   Moreover,  responses  to  both  DNP-hemocyanin 
and  DNP-BSA  were  inhibited  by  the  presence  of  purified  ajiti-kappa  serum 
(without  complement)  whereas  the  response  to  LPS  was  not  affected  by 
anti-kappa.   This  further  supports  the  contention  that  DNP-BSA  and  DNP- 
hemocyanin  stimulation  is  not  a  function  of  LPS  contamination  and 
suggests  that  the  DNP-proteins  interact  with  specific  receptors  on  the  B 
cell  surface 

Since  DNP-BSA  is  a  classical  "T-dependent"  antigen,  we  anticipated 
that  the  response  observed  to  it  on  the  part  of  spleen  cells  from  nu/nu 
mice  should  be  incomplete.   Indeed,  we  found  that  whereas  LPS  and  DNP- 
hemocyanin  stimulated  spleen  cells  from  nu/nu  mice  to  synthesize  DNA  and 
immunoglobulin,  DNP-BSA  cause  little  Ig  synthesis  in  comparison  to  the 
DNA  synthesis  it  initiated.  .   ■  .  ,  ' 

This  result  strongly  suggests  that  T  lymphocytes  mediate  their 
helper  function  not  by  allowing  B  cells  to  recognize  antigen  but  rather 
by  controlling  the  differentiation  of  the  B  cell  after  it  has  interacted 
with  antigen. 


i 


\\ 


17 


u 


Serial  No.  NIAID  -  ll+l 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  studies  help  to  explain  the  role  of  T  lymphocytes  in  regulating 
responses  of  B  lymphocytes  and  provide  some  insights  into  the  molecular 
structures  required  for  B  cell  activation.   They  should  provide  valuable 
information  in  delineating  mechanisms  to  control  magnitude  and  type  of 
in  vitro  antibody  responses. 

Proposed  Course  of  Project : 

We  anticipate  a  more  thoroughgoing  evaluation  of  the  conditions 
under  which  DNP-BSA  leads  to  B  cell  activation  and  in  particular  we 
expect  to  undertake  a  detailed  study  of  molectilar  requirements  for  this 
activation. 


« 


Project  Subtitle  III:   Activation  of  B  lymphocytes  by  DNP-Ficoll 

Project  Description: 

Objectives : 

Immune  responses  to  thymus  (T)-independent  antigens  appear  to 
differ  in  several  critical  ways  from  immime  responses  to  T-dependent 
antigens.   In  partic\ilar,  responses  to  DNP-derivatives  of  several 
polysaccharides  tend  to  yield  responses  in  which  IgM  antibody  dominates 
and  in  which  little  or  no  immunologic  memory  can  be  demonstrated. 
Recently,  Philip  McMaster  (LMI/NIAID)  prepared  a  DNP-derivative  of 
Ficoll,  a  commercial  polymer  of  sucrose  and  epichlorhydren.   We  have 
found  this  antigen  particularly  valuable  in  attempting  to  evaluate  the 
capacity  of  T-independent  antigens  to  stimulate  IgG  responses  and  in  the 
ability  of  these  antigens  to  generate  and  stimulate  DNP-specific  memory 
cells. 


c 
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I  . 


Methods  Employed: 

The  immune  response  to  DNP-Ficoll  has  been  evaluated  by  in  vitro 
culture  techniques  (see  serial  No.  ikk)   and  by  immunization  of  normal  and 
congenitally  athymic  (nu/nu)  mice  with  varying  doses  of  DNP-Ficoll 
dissolved  in  physiologic  saline.   The  immune  response  is  measured  in 
terms  of  numbers  of  spleen  cells  capable  of  forming  plaques  with 
dinitrophenyl  (DNP)  or  trinitrophenyl  (TNP)  derivatized  erythrocytes. 
In  many  experiments,  the  response  of  cells  was  assayed  by  trans-ferring 
graded  numbers  of  spleen  cells  to  irradiated  recipients  which  vere  then 
immiinized. 


Major  Findings : 

Doses  of  DNP-Ficoll  of  from  1  to  1000  ug  elicit  substantial  anti- 
DNP  responses  in  many  strains  of  mice.   The  optimal  response  is  observed 
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to  100  ug  of  DNP-Ficoll  at  7  days  after  priming.   At  this  time,  '\>100,000 
IgM  DNP-specific  plaque  forming  cells  (pfc)  per  spleen  are  found  in 
C5TBL/6  mice.   This  response  is  independent  of  thymus-dependent  (T) 
lymphocytes  as  equivalent  responses  are  obtained  in  congenitally  athymic 
(nu/nu)  mice  and  their  littermate  (+/nu  and  +/+)  controls.   In  addition, 
considerable  numbers  of  IgG^  ('^50,000/  spleen)  and  IgG   ('\'25,000/spleen) 
pfc  are  observed  both  in  normal  and  athymic  mice.   This  finding  suggests 
that  DNP-Ficoll  is  a  particularly  interesting  antigen,  as  the  majority 
of  T-independent  antigens  have  been  reported  to  elicit  little  or  no 
antibody  of  the  IgG  class.   One  possible  reason  for  this  difference  is 
that  Ficoll  is  a  much  more  highley  cross-linked  substance  than  most 
other  T-independent  antigens.   To  test  this,  we  intend  to  prepare  DNP- 
Ficoll  derivatives  of  varying  degrees  of  size  and  cross  linkage  by 
controlled  acid  hydrolysis  and  enzymatic  digestion.  A  second  interesting 
feature  of  the  response  to  this  agent  is  its  failure  to  yield  secondary 
responses.   This  is  true,  thus  far,  in  three  different  types  of  situations. 
Firstly,  priming  with  DITP-Ficoll  and  challenging  with  DNP-Ficoll  at 
varying  times  does  not  cause  a  secondary  response.   Secondly,  priming 
with  DNP-proteins  does  not  prepare  for  a  secondary  response  to  DNP- 
Ficoll  and  thirdly,  priming  with  DNP-Ficoll  and  challenging  with  DNP- 
ovalbumin,  in  the  presence  of  ovalbumin  specific  helper  cells,  does  not 
yield  a  secondary  anti-DNP  response.   These  results  suggest  that  priming 
with  DNP-Ficoll  does  not  expand  the  DNP-specific  pool  of  responsive 
cells  £Lnd  raise  the  possibility  that  B  lymphocytes  responsive  to  T- 
independent  antigens  are  distinct  from  B  lymphocytes  responsive  to  T- 
dependent  antigens.  Studies  are  now  in  progress  to  establish  whether 
DNP-Ficoll  treatment  renders  mice  specifically  unresponsive  to  DNP 
proteins. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

A  large  number  of  clinically  important  antibody  response  are  directed 
to  highly  polymeric  polysaccharide  antigens.   These  responses  are 
different  from  the  more  thoroughly  evaluated  responses  to  protein  and 
cellular  antigens  emd  their  regulation  is  poorly  understood.   DNP-Ficoll 
appears  to  be  an  antigen  which  will  allow  a  considerable  delineation  of 
the  control  of  these  responses  in  mice  and  may  provide  insight  into  ways 
to  manipulate  such  responses  in  humans. 

Proposed  Course  of  Project: 

We  intend  to  delineate  in  more  detail  the  tolerogenic  capacity  of 
DNP-Ficoll,  to  evaluate  the  cytokinetics  of  the  response  to  this  agent 
and  by  use  of  structural  analogs,  to  attempt  to  determine  whether  a 
precise  array  of  antigenic  determinants  is  the  key  feature  in  the  capacity 
of  DNP-Ficoll  to  activate  B  lymphocytes  directly. 


Project  Subittle  IV: 


Imjnionocompetent  cell  interactions  in  antibody 
responses 
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Objectives: 


I 


Antibody  responses  to  many  antigens  require  the  cooperative  interaction 
of  two  classes  of  lymphoid  cells.   These  classes  of  lymphocytes  are  the 
thymus  independent  (B)  lymphocytes  and  the  thymus  dependent  (T)  lymphocytes. 
Both  cells  have  specificity  for  antigen,  the  B  cell  via  antibody-like 
receptors  on  its  surface,  the  T  cell  via  an  iincharacterized  receptor. 
The  mode  of  communication  between  these  two  cells  is  not  yet  fully 
understood.   These  cell  types  can  be  readily  examined  by  means  of 
adoptive  transfer  experiments  of  immune  cells  into  irradiated  syngeneic 
recipients.   The  objectives  of  these  studies  have  been:  1.  To  gain  an 
understanding  of  the  process  by  which  T  helper  cells  recognize  antigen; 
2.  To  develop  means  for  selectively  effecting  the  activity  of  T  or  B 
cells;  3.  To  xinderstand  the  process  of  cell-cell  interaction  in  the 
antibody  response;  h.    To  define  the  role  of  serum  antibody  in  the 
regulation  of  the  immime  response. 


Methods  Employed: 

Irradiated  mice,  or  mice  treated  with  various  agents,  are  reconstituted 
with  cells  from  normal  or  immunized  syngeneic  mice.   Passively  administered 
antibody  is  used  in  some  experiments.   The  recipient  mice  sire  boosted 
with  antigen.   The  subsequent  antibody  response  is  a  complex  function  of 
the  activity  of  the  interacting  cell  tn)es. 


Major  Findings; 

One  approach  to  the  analysis  of  the  fiinctional  characteristics  of 
specific  T  and  B  lymphocytes  involves  the  transfer  of  T  lymphocytes  from 
a  donor  primed  with  a  carrier  protein  and  B  lymphocytes  from  a  donor 
primed  with  a  hapten  conjugated  to  a  different  carrier.   The  recipients 
are  then  challenged  with  a  conjugate  of  the  hapten  to  the  first  protein. 
By  holding  the  hapten-specific  (B)  cells  in  constant  and  excess  numbers, 
one  can  evaluate  the  effect  of  varying  the  n\jmber  of  transferred  cairrier 
specific  (T)  cells.   Alternatively,  if  a  constant  and  excess  number  of  T 
cells  are  transferred,  the  effect  of  varying  B  cell  number  may  be  evaluated. 
Such  titrations  reveal  a  linear  relation  between  B  cell  number  and 
antibody  response.   However,  an  exponential  relation  between  antibody 
response  and  T  cell  number  exists,  in  which  the  response  is  proportional 
to  the  square  of  the  n\amber  of  T  cells  administered.   Such  a  resiilt  is 
consistent  with  the  existence  of  two  interacting  T  cell  types,  both  of 
which  are  present  in  limiting  numbers.   However,  a  variety  of  other 
explanations  are  possible  including  increased  antibody  production 
resulting  from  2  interactions  of  one  B  cell  with  T  cells  of  the  same 
type.   A  series  of  attempts  to  demonstrate  two  types  of  T  cells  have 
been  mode.   These  have  included  the  use  of  graded  doses  of  x-irradiation, 
administration  of  ant i -thymocyte  serum  (ATS)  and  adult  thymectomy.   No 
evidence  for  T  cell  interaction  in  the  helper  effect  has  been  obtained 
but  no  other  explanation  for  this  effect  has  yet  been  demonstrated. 


20 


■^''"^^' 


ie'7^'--g^y ,» i-^f**v 


^'^^r-^-^^^^B^-- 


Serial  No.  NIAID  -  ll+l 

A  second  major  problem  explored  in  these  experiments  is  the  role  of 
antibody  in  augmenting  immune  responses  to  very  veak  antigens.   We  have 
previously  demonstrated  that  the  2,i+-dinitrophenyl  derivative  of  the  BALB/c 
IgG  myeloma  protein  LPC-1  fails  to  elicit  an  antibody  response  to  the 
LPC-1  idiotype  in  BALB/c  mice.   However,  if  small  amounts  of  anti-DNP 
antibody  are  administered  together  with  DNP- LPC-1,  a  clear  anti-idiotype 
response  ensues.  A  major  question  regarding  these  experiments  is  the 
importance  of  T  cell  participation  in  the  response  of  the  host  to  this 
immunization  regimen.   We  found  that  mice  deprived  of  T  lymphocyte 
function  by  a  series  of  strategies  are  unresponsive  to  DNP-LPC-1,  even 
if  administered  with  anti-DNP  antibody.   However,  reconstitutuion  of 
such  animals  with  small  numbers  of  splenic  T  lymphocytes  allows  them  to 
respond  to  DNP-LPC-1  and  anti-DNP  antibody.   This  suggests  the  possibility 
that  antigen-antibody  complexes  may,  under  certain  circumstances,  be 
highly  immunogenic  and  may  achieve  this  by  non-specifically  activating  T 
lymphocytes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  T  lymphocytes  have  a  critical  role  in  the  regulation  of  both 
normal  and  abnormal  immune  responses.   In  order  to  control  these  responses, 
a  precise  understanding  of  the  mode  of  fionction  of  these  cells  is 
required.   Furthermore,  the  experiments  suggesting  that  antigen- antibody 
complexes  may  activate  T  lymphocytes  have  considerable  importance  in 
increasing  immune  responses  to  weak  antigens  such  as  tumor  specific 
antigens. 

Proposed  Course  of  Project: 

There  are  several  major  areas  that  need  further  exploration.   In 
particular,  the  elucidation  of  the  interacting  helper  cells,  the  fiirther 
understanding  of  the  role  of  antibody  in  augmenting  immune  responses, 
the  nature  of  the  T  cell  receptors  for  antigen  and  for  antigen-antibody 
complexes,  and  the  role  of  regulatory  or  suppressor  T  cells  will  be 
pursued. 
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Project  Subtitle  I:   Effect  of  Alloantisera  on  Immune  Response  Gene  Product 

Function 

Project  Description: 

Objectives : 

A  series  of  genes  have  been  described  in  guinea  pigs,  mice,  rats  and  in 
man  which  control  the  capacity  to  mount  specific  immune  responses.   One  im- 
portant group  of  immune  response  (Ir)  genes  is  linked  to  tne  major  histocom- 
patibility (H)  complex  of  the  species.   These  H-linked  Ir  genes  have  been 
demonstrated  to  function  mainly  in  the  thymus  derived  (T)  lymphocyte.   How- 
ever, the  mechanism  by  which  H-linked  Ir  genes  and  their  products  control 
immune  responses  is  still  unknown.   We  have  demonstrated  that  alloantisera 
prepared  by  cross  immunizing  strain  2  and  strain  13  guinea  pigs  with  lymphoid 
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cells  markedly  inhibit  the  in_  vitro  proliferative  response  to  antigens 
the  response  to  which  is  controlled  by  the  Ir  gene  which  is  linked  to 
the  H  antigen  against  which  the  serum  is  directed.   Thus,  when  the  T 
lymphocytes  from  (2  x  13)F  guinea  pigs  are  cultured  in  vitro,  anti-2 
serum  specifically  inhibits  the  proliferative  response  to  the  2,U- 
dinitrophenyl  derivative  of  a  copolymer  of  L-glutamic  acid,   L-lysine 
(DNP-GL,  an  antigen  the  response  to  which  is  controlled  by  a  2-linked  Ir 
gene)  while  anti-13  serum  inhibits  the  in  vitro  proliferative  response 
to  a  copolymer  of  L-glutamic  acid  and  L-tyrosine  (GT,  an  antigen  the 
response  to  which  is  controlled  by  a  13-linked  Ir  gene).   We  concluded 
from  this  observation  that  the  Ir  genes  produce  a  cell  siirface  product 
which  plays  a  role  in  antigen  recognition  and  whose  function  can  either 
directly  or  indirectly  be  blocked  by  alloantisera.  Experiments  were 
therefore  designed  to  determine  the  precise  target  (H  antigen  or  Ir  gene 
product)  against  which  the  alloantisera  exert  their  inhibitory  effect 
and  to  determine  the  precise  mechanisms  by  which  alloantisera  block  T 
cell  antigen  recognition. 


ir 


Major  Findings: 

The  most  likely  mechanism  for  the  inhibition  of  Ir  gene  product 
function  by  anti-H  sera  is  that  the  Ir  gene  products  and  the  H  antigens 
are  physically  linked  or  close  together  on  the  cell  surface.   Alternatively, 
the  alloantisera  might  contain  in  addition  to  anti-H  antibodies,  antibodies 
directed  against  and  capable  of  directly  blocking  the  specific  Ir  gene 
products.   In  order  to  distinguish  between  these  two  alternatives  it        M 
would  be  advantageous  to  analyze  the  ability  of  alloantisera  to  inhibit      ^ 
T  cell  proliferation  to  an  antigen,  the  response  to  which  is  under  control 
of  a  specific  Ir  gene,  in  the  absence  of  the  H  antigen  which  usually 
occurs  in  association  with  that  Ir  gene.   However,  in  progeny  of  crosses 
of  (2  X  13 )F  and  parental  animals  we  have  not  observed  a  recombinant 
chromosome  in  which  a  given  Ir  gene  has  been  separated  from  its  linked 
H-antigen  gene.   We  therefore  have  utilized  outbred  animals  in  which 
relationships  between  H  genes  and  Ir  genes  exist  which  differ  from  those 
in  inbred  populations.   In  inbred  animals  the  Ir  gene  which  controls 
responsiveness  to  a  copolymer  to  L-glutamic  acid  and  L-alanine  (GA)  is 
linked  to  the  poly-lysine  (PLL)  Ir  gene  and  to  the  strain  2  H-antigen 
genes.   In  some  outbred  animals  the  GA  gene  is  also  associated  with  the 
PLL  gene  and  the  2-H  antigen  gene.   However,  in  other  outbred  animals 
the  GA  Ir  gene  can  be  found  in  the  absence  of  both  the  PLL  gene  and  the 
strain  2  H-antigen  gene.   We  have  used  this  group  of  GA  PLL  2  animals 
in  an  attempt  to  demonstrate  whether  anti-2  serum  can  inhibit  the 
function  of  the  GA  gene  when  this  gene  occiirs  in  an  animal  lacking  the 
strain  2  H-antigen  genes.   The  results  of  this  study  demonstrated  that 
anti-2  serum  was  only  capable  of  inhibiting  the  in^  vtiro  proliferative 
response  to  GA  of  cells  derived  from  GA  PLL  2  animals;  anti-2  serum  had 
no  effect  on  the  proliferative  response  to  GA  of  cells  derived  from 
GA  PLL  2   animals.   This  result  suggests  that  the  blocking  activity  of 
the  anti-2  serum  is  mediated  by  antibodies  specific  for  the  strain  2 
alloantigen  and  not  by  antibodies  directed  against  the  GA  Ir  gene  product. 


i 


2h 


■""^"•-■^^-' 


■mvi^'c-'s-- 


SS^i£StS^a&a»>- 


Serial  No.  NIAID  -  lU2 

Another  approach  to  the  analysis  of  the  target  antigens  of  the 
alloantisera  is  the  preparation  of  a  serum  which  might  be  specific  for 
the  GA  Ir  gene  product  and  be  free  of  antibodies  to  the  strain  2 
alloantigen.   We  therefore  immunized  strain  13  guinea  pigs  with  the 
lymphocytes  of  GA  PLL  2  13  animals;  another  group  of  strain  13  animals 
were  immunized  with  the  cells  derived  from  GA  PLL  2  13  animals.   In  the 
former  case  the  resultant  sera  would  be  free  of  anti-strain  2  antibodies, 
while  in  the  latter  immunization  the  sera  should  contain  antibodies  to 
the  strain  2  alloantigen.   When  these  sera  were  tested  for  their  ability 
to  inhibit  the  GA  response  of  cells  derived  from  (2  x  13  )F-,  guinea  pigs 
immune  to  GA,  only  the  13.anti-GA  PLL  2  13   serum  inhibited  the  GA 
response.   The  13  anti-GA  PLL  2  13   serum  was  devoid  of  inhibitory 
effect .   This  study  again  indicates  that  the  target  antigen  against 
which  the  inhibitory  activity  of  the  anti-2  serum  is  directed  is  the 
strain  2  alloantigen  rather  than  the  GA  Ir  gene  product.   Thus  far,  all 
attempts  to  prepare  an  alloantiserum  which  would  be  specific  for  a  given 
Ir  gene  product  have  failed. 

The  studies  described  above  suggest  that  the  proposed  mechanism 
whereby  alloantisera  mediate  their  suppressive  effect  on  Ir  gene  product 
function,  namely  indirect  blockade  of  the  Ir  gene  products  by  antibodies 
directly  reactive  with  H  antigens,  requires  phenotypic  linkage  of  the 
products  of  independent  but  closely  linked  genes.   Recent  studies  of  the 
lymphocyte  membrane  indicate  that  individual  protein  molecules  are 
capable  of  free  diffusion  in  the  plane  of  the  membrajie;  in  order  for  two 
determinants  to  maintain  the  relationship  required  for  an  indirect  (or 
steric)  blockade  a  physical  linkage  between  the  two  moieties  would 
probably  be  necessary.   Without  such  a  link,  the  molecules  would  be 
separated  in  the  course  of  free  diffusion.   One  possible  model  for  the 
relationship  between  the  2/13  antigens  and  the  Ir  gene  products  is  that 
the  genes  for  these  structures,  although  distinct  from  each  other  produce 
a  single  polypeptide  chain.   In  this  model,  2/13  antigen  part  of  the 
chain  would  be  analogous  to  the  constant  region  of  an  immunoglobulin 
heavy  chain,  while  the  specific  Ir  gene  products  would  be  analogous  to 
the  variable  portion  of  an  immunoglobulin  heavy  chain.   Furthermore,  the 
2/13  antigen  would  be  the  same  on  all  cells  while  an  individual  Ir  gene 
product  would  have  a  clonal  distribution.   The  exact  functional  role  of 
this  proposed  2/13  -  Ir  complex  is  not  known;  it  might  function  as  the 
specific  antigen  binding  receptor  of  the  T  lymphocyte  for  it  might  function 
as  an  aiixillary  receptor  and  act  in  concert  with  a  specific  T  cell 
immunoglobulin  receptor. 

Although  we  have  demonstrated  that  the  alloantisera  act  in  a  specific 
fashion  in  their  inhibition  of  T  cell  proliferation  in  the  (2  x  13 )F 
animal,  one  possible  explanation  for  this  apparent  specific  inhibition 
would  be  that  among  the  population  of  (2  x  13 )F  lymphocytes  those 
responsive  to  DNP-GL  would  exclusively  or  predominantly  express  the 
strain  2  alloantigen  while  those  responsive  to  GT  would  show  a  similar 
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preference  in  the  expression  of  strain  13  alloantigens.   If  this  explanation 
were  true,  then  alloanti serum  induced  hlockade  could  be  explained  "by  a 
general  inactivation  of  the  responsive  cell.   We  therefore  sought  by  a 
variety  of  means  to  establish  whether  or  not  allelic  exclusion  exists 
for  the  expression  of  the  products  of  the  2/13  alloemtigen  genes.   Using 
indirect  immunofluorescence  to  evaluate  (2  x  13 )F  lymphocytes  we  found 
that  greater  than  95^  of  (2  x  13 )F  T  lymphocytes  can  be  stained  by 
anti-2  serxam  alone,  anti-13  serum  alone  or  anti-2  plus  anti-13  serum. 
Similarly,  the  same  degree  of  complement  mediated  lysis  of  chromated  (2 
X  13 )F  lymphocyises  is  achieved  by  anti-2  serum,  anti-13  serum  or  a 
mixture  of  the  two.   Finally,  if  (2  x  13 )F  lymphocytes  are  treated  with 
anti-2  serum  and  complement  at  a  dilution  that  does  not  give  100^  lysis, 
the  cells  remaining  alive  do  not  show  a  preferential  diminution  in  their 
responsiveness  to  DNP-GL  as  compared  to  their  responsiveness  to  GT. 
This  suggests  that  the  T  lymphocytes  richest  in  strain  2  alloantigen  are 
not  more  likely  to  respond  to  DNP-GL  than  to  GT.   Thus,  we  have  found  no 
evidence  for  the  preferential  expression  of  the  2  or  13  alloantigens  on 
a  subpopulaiton  of  (2  x  13 )F  lymphoid  cells.   Therefore  it  appears  most 
likely  that  the  2/13  antigens  are  either  physically  linked  to  the  Ir 
gene  products  or  represent  constant  parts  of  a  2/13  -Ir  polypeptide 
chain  as  discussed  above. 


It  has  been  implicit  in  the  experiments  described  thus  far  that 
alloantisera  block  the  in_  vitro  proliferative  response  to  antigen  by 
either  directly  or  indirectly  interfering  with  the  interaction  of  antigen 
and  immune  T  lymphocytes .   However,  as  yet  we  have  no  direct  evidence 
that  alloantisera  inhibit  antigen  recognition  and  not  some  later  event 
in  the  in_  vitro  proliferative  response  to  antigen.   In  order  to  examine 
this  question  in  greater  detail,  we  have  performed  time  course  studies 
with  the  alloantisera.   If  the  alloantisera  inhibit  antigen  recognition 
then  pretreatment  of  T  lymphocytes  with  the  sera  and/or  the  use  of  the 
antisera  early  in  the  3  day  culture  period  followed  by  its  removal  and 
replacement  with  normal  serum  should  still  produce  significant  inhibition 
of  cell  proliferation.   The  results  of  this  study  demonstrated  that 
pretreatment  of  T  lymphocytes  for  as  long  as  2^+  hours  with  the  alloantisera 
had  no  effect  on  their  subsequent  response  to  antigen.  Of  greater  interest 
was  the  observation  that  adding  the  serum  for  the  initial  2i|  hour  period 
of  exposure  to  antigen  followed  by  washing  and  replacement  with  normal 
serum  had  no  effect  on  cell  proliferation,  while  addition  of  the  alloantiserum 
after  2U  hours  of  culture  in  normal  serum  still  produced  80-90/^  of  the 
maximun  inhibitory  effect.   This  study  raises  the  possibility  that  the 
alloantisera  inhibit  cell  proliferation  by  acting  at  some  later  stage 
beyond  the  initial  antigen  recognition  event;  however,  it  is  also  possible 
that  cell  proliferation  as  measured  over  a  72  hour  period  in^  vitro 
requires  repeated  exposure  of  the  immune  T  cells  to  antigenic  stimulation. 
In  order  to  resolve  this  question  it  is  necessary  to  obtain  antigen 
stimulated  T  lymphocytes  free  of  the  stimulating  antigen.   This  problem 
has  proven  difficult  to  resolve  because  the  antigen  present  in  these 
cultures  is  bound  to  the  surface  of  cells  and  cannot  be  removed  by 
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simple  washing  procedures.   One  approach  we  have  utilized  is  to  allow 
antigen  pulsed  macrophages  to  adhere  to  the  surface  of  Petri  dishes 
followed  ty  the  addition  of  immune  T  lymphocytes  for  varying  periods  of 
time.   Since  the  latter  population  does  not  adhere  to  the  dishes,  we  are 
able  to  study  their  proliferative  response  following  removal  from  the 
dishes  both  in  the  presence  and  absence  of  additional  antigen.   If  the  T 
cells  are  allowed  to  remain  on  the  dish  for  2k   hours,  removed  and  then 
cultured  for  72  hours,  a  small  proliferature  response  is  observed.   This 
response  is  approximately  l/lO  of  the  response  seen  when  antigen  is 
added  to  the  same  population  of  cells.   We  observed  that  anti-2  serum  is 
capable  of  blocking  the  stimualtion  of  cells  produced  by  a  2U  hour 
incubation  on  the  dish  when  it  is  present  during  the  incubation  period 
on  the  Petri  dish;  however,  ajiti-2  serum  also  inhibited  DNA  synthesis 
when  it  was  subsequently  added  to  the  culture  tube.   This  result  suggests 
that  the  maximum  in_  vitro  DNA  synthetic  response  to  antigen  requires  the 
constant  presence  of  antigen  and  that  anti-2  servun  is  indeed  capable  of 
blocking  if  present  early  in  the  culture  period  during  the  antigen 
recognition  phase.   The  mechanism  of  the  blockade  of  cell  proliferation 
produced  by  anti-2  serum  when  it  is  added  after  2k   hours  in  the  absence 
of  added  antigen  is  still  under  investigation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 


The  chemical  nature  of  the  antigen  receptor  of  the  T  lymphocyte  is 
unknown  at  the  present  time.   If  the  Ir  gene  product  itself  is  not  the 
prime  receptor  of  the  T  lymphocyte,  it  is  likely  that  the  Ir  gene  product 
plays  a  significant  auxiliary  role  in  T  lymphocyte  antigen  recognition. 
It  is  likely  that  further  study  and  characterization  of  the  Ir  gene 
product  will  aid  in  the  elucidation  of  the  mechanism  of  T  lymphocyte 
function  in  the  regulation  of  the  normal  immune  response.   Since  susceptibility 
to  a  niimber  of  malignant,  auto-immune,  and  allergic  diseases  has  been 
linked  to  histocompatibility  type,  Ir  genes  may  play  an  important  role 
in  susceptibility  to  a  wide  variety  of  diseases. 

Proposed  Course  of  Project: 

There  studies  will  be  further  prusued  with  the  major  goals  being 
development  of  sera  which  would  facilitate  the  isolation  and  chemical 
characterization  of  the  Ir  gene  products.   The  possible  functional 
relationship  between  Ir  gene  products  and  another  class  of  receptors 
(for  example,  immunoglobulin)  on  the  T  cell  will  also  be  investigated. 


Project  Subtitle  II; 


Serologic  Characterization  of  Guinea  Pig  Histo- 
compatibility Antigens 
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Project  Description: 


We  have  presented  experimental  evidence  that  the  target  antigens 
against  which  alloajitisera  exert  their  inhibitory  effect  on  T  cell 
proliferation  are  coded  for  by  the  2/13  alloantigen  genes.   It  has  also 
been  suggested  that  the  2/13  antigens  and  the  Ir  gene  products  are  in 
some  manner  phenotypically  linked  on  the  surface  of  the  T  lymphocyte. 
Although  the  Ir  gene  products  are  linked  to  2/13  antigens  it  is  unkown 
whether  the  latter  are  the  equivalents  of  the  well  defined  serologically 
detectable  histocompatibility  (H)  antigens  in  the  mouse  (the  D  or  K 
antigens)  or  in  man  (the  LA  or  i+  antigens).   In  order  to  further  our 
understanding  of  the  mechamism  of  action  of  the  Ir  genes  it  has  been 
necessary  to  further  our  understanding  of  the  guinea  pig  H  antigens.   A 
system  of  guinea  pig  H  antigens  has  been  developed  by  a  group  of  investigators 
working  at  the  Institute  for  Clinical  Immunology  in  Bern,  Switzerland. 
By  cross-immunizing  outbred  guinea  pigs  these  investigators  defined  a 
single  locus  (or  a  group  of  closely  linked  loci)  with  3  major  alleles. 
This  locus  has  been  termed  the  GPL-A  locus.   We  have  carried  out  collaborative 
studies  with  the  group  in  Bern  in  order  to  better  characterize  the  GPL-A 
locus  and  its  relationship  to  the  locus  controlling  the  2/13  antigens. 
In  addition,  we  have  compared  the  biological  and  chemical  characteristics 
of  the  antigens  coded  for  by  these  2  loci. 

Major  Findings : 

Antisera  to  the  three  will  defined  alleles  of  the  GPL-A  locus 
(B,C,D,)   were  obtained  from  the  group  in  Bern.   Initial  studies  confinned 
their  earlier  work  that  NIH  strain  2  and  strain  13  animals  both  bear  the 
B  antigens  and  are  negative  for  the  C  and  D  specificities.   Screening 
studies  of  the  outbred  guinea  pig  population  available  at  the  NIH  revealed 
no  association  between  the  GPL-A  locus,  the  2/13  locus,  and  the  PLL,  GA, 
or  GT  Ir  genes.   Certain  samples  of  antisera  obtained  form  the  Swiss 
group  which  were  said  to  be  monospecific  for  alleles  of  alleles  of  the 
GPL-A  locus  were  found  to  be  contaminated  with  antibodies  directed 
against  the  2/13  antigens.   By  using  the  NIH  strain  2  and  13  animals  as 
recipients  we  were  able  to  prepare  highly  potent  and  specific  sera  to 
products  of  alleles  at  the  GPL-A  locus  which  were  free  of  anti-2  or 
anti-13  activity.   Dioring  the  course  of  these  studies  we  have  discovered 
at  least  2  more  alleles  at  the  GPL-A  locus  and  in  addition  we  have 
preliminary  evidence  for  another  locus  which  appears  to  be  distinct  from 
both  the  GPL-A  locus  and  the  2/13  locus. 


We  next  determined  the  relationship  between  the  2/13  antigens  and 
the  B  antigen.   One  possible  explanation  for  the  results  observed  is 
that  the  B  antigen  represents  a  "public"  specificity  and  the  2/13  antigens 
represent  "private"  specificities  of  a  single  H  locus.  By  using  the 
immuno fluorescent  technique  we  studied  the  relationships  of  the  2/13 
antigens  and  the  B  antigen  on  the  cell  surface.   The  results  demonstrated 
that  the  2/13  antigens  and  the  B  antigen  move  independently  and  aggregate 
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or  cap  independently  on  the  cell  sxirface.   This  indicates  that  the  2/13 
antigens  and  the  B  antigen  are  independent  moleciiles  on  the  cell  surface 
and  not  2  determinants  on  the  same  polypeptide  chain.   In  order  to  show 
that  the  2/13  antigens  and  the  GPL-A  antigens  were  both  products  of 
genes  in  the  major  histocompatibility  complex,  breeding  studies  to 
demonstrate  linkage  were  undertaken.   Although  only  a  small  number  of 
offspring  have  as  yet  been  analyzed,  the  preliminary  results  are  highly 
suggestive  that  the  2/13  locus  is  linked  to  the  GPL-A  locus. 

In  most  species  that  have  been  analyzed,  2  major  loci  controlling 
serologically  defined  H  antigens  have  been  identified.   One  possibility 
is  that  the  2/13  locus  represents  one  of  these  loci  and  the  GPL-A  locus 
represents  the  other  major  locus  in  the  guinea  pig.   However,  a  comparison 
of  the  tissue  distribution  of  the  2/13  antigens  and  the  B  antigen  suggests 
that  this  explanation  is  unlikely.   The  B  antigen  can  be  demonstrated 
both  on  lymphoid  cells  and  on  a  number  of  non-lymphoid  tumors  such  as  a 
hepatoma  and  a  fibrosarcoma.   In  contrast,  the  2/13  antigens  can  only  be 
identified  on  B  lymphocytes,  T  lymphocytes,  and  cells  of  the  monocyte- 
macrophages  series.  We  have  not  been  able  to  demonstrate  the  2/13  antigens 
on  a  number  of  non-lymphoid  cells  either  by  absorption  or  by  the  sensitive 
indirect  immunofluorescent  technique.   Furthermore,  the  2/13  antigens 
are  represented  to  a  greater  extent  on  the  B  lymphocyte  than  the  T 
lymphocyte.   Because  of  the  profound  effect  of  anti-2  serum  on  the 
proliferation  of  strain  2  lymphcoytes  to  any  antigen,  it  was  of  interest 
to  study  the  effect  of  anti-B  serum  on  the  in  vitro  proliferative  response 
of  strain  2  and  strain  13  lymphoid  cells.   In  a  small  number  of  preliminary 
studies,  anti-B  seriom  had  little  if  any  effect  on  the  proliferative 
response  of  strain  2  cells  to  DNP-GL  or  to  tuberciolin  (PPD)  while  anti-2 
serum  caused  a  marked  inhibiiton  of  both  the  DNP-GL  and  PPD  responses. 
In  similar  fashion  anti-13  serum  inhibited  the  response  of  strain  13 
cells  to  GT  and  PPD  while  anti-B  seriom  was  devoid  of  inhibitory  effect. 
Thus,  the  2/13  antigens  do  not  appear  to  be  the  equivalent  of  the  D  or  K 
antigens  in  the  mouse  or  the  LA  or  i+  antigens  in  man.   They  have  a 
restricted  tissue  distribution  and  antisera  directed  towards  what  appear 
to  be  the  guinea  pig  equivalent  of  a  major  histocompatibility  locus  (the 
GPA-A  locus)  are  without  inhibitory  effect  on  T  cell  proliferation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  guinea  pig  is  widely  used  in  immxinologic  research  for  studies 
of  delayed  hypersensitivity  and  genetic  control  of  the  immune  response. 
These  studies  have  been  hampered  by  our  lack  of  knowledge  of  guinea  pig 
histocompatibility  antigens.   The  development  and  refinement  of  a  system 
of  histocompatibility  antigens  in  the  guinea  pig  will  make  this  animal 
an  excellent  subject  not  only  for  research  on  genetic  control  of  the 
immune  response  but  also  for  transplantation  tumor  immunology.   Further  use 
of  the  guinea  pig  for  studies  in  these  areas  should  be  of  great  importance 
as  the  immunologic  makeup  of  the  guinea  pig  closely  resembles  that  of 
man. 
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Proposed  Course  of  Project: 

These  studies  will  be  pursued  with  the  major  goals  being  the  understanding 
of  the  major  histocompatibility  antigens  in  the  guinea  pig  and  the 
relationship  between  these  antigens  and  the  products  of  the  immune 
response  genes.   An  attempt  will  also  be  made  to  develop  new  inbred 
strains  of  guinea  pigs. 
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Project  Subtitle  III: 


Role  of  the  macrophage  in  genetic  control  of  the 
Immune  Response 


Project  Description: 

Previous  studies  have  demonstrated  that  in  order  for  macrophages  to 
activate  T  lymphocytes  to  proliferate  in_  vitro  both  cell  types  must  be 
histocompatible.   Thus,  macrophages  obtained  from  strain  2  guinea  pigs 
and  pulsed  with  antigen  fail  to  activate  immune  strain  13  T  cells  to 
proliferate.   It  was  also  noted  that  macrophages  obtained  from  an  animal 
which  lacked  a  given  Ir  gene  ( non-re sponder)  were  much  less  effieient  in 
the  induction  of  T  cell  proliferation  in  the  F   (non-responder  x  responder) 
animal  than  macrophages  obtained  from  the  responder  parent.   These 
studies  suggest  that  macrophage-lymphocyte  interaction  is  mediated  by 
either  H  antigens  themselves  or  by  the  products  of  genes  closely  linked 
to  the  H  antigen  genes.  We  have  extended  these  studies  in  an  attempt  to 
correlate  functional  macrophage-lymphocyte  interaction  with  morphological 
studies  of  macrophage-lymphocyte  interaction. 


m 


Major  Findings 

Physical  interaction  between  lymphocytes  and  macrophages  is  observed 
during  cultivation  of  these  cells.   Using  an  in^  vitro  method  to  examine 
the  binding  of  non-adherent  lymphoid  cells  to  macrophages  cultured  in 
microscope  tissue  culture  chambers,  the  number  of  lymphocytes  bound  to 
macrophages  can  be  counted  and  the  degree  of  binding  quantitated.   If 
the  macrophages  are  not  pulsed  with  antigen  and  the  degree  of  binding  is 
quantitated  at  one  hour  after  addition  of  the  lymphocytes,  no  significant 
difference  is  observed  in  the  binding  of  immune  lymphocytes  to  either 
syngeneic  or  allogeneic  macrophages.   This  suggests  that  the  initial 
antigen-independent  binding  is  not  mediated  via  the  2/13  alloantigens  or 
related  structures.   In  contrast,  if  the  macrophages  are  pulsed  with 
antigen  and  the  time  of  in  vitro  exposure  to  immune  T  Ijonphocytes  prolonged 
to  2^1  hours,  there  is  a  marked  increase  in  lymphocytes  bound/100  macrophages 
only  if  macrophages  and  lymphocyte  are  syngeneic.   This  2i*  ?iour  antigen 
dependent  binding  was  not  observed  during  in  vitro  culture  when  immiine 
lymphocytes  were  exposed  to  antigen-pulsed  allogeneic  macrophages. 
These  results  indicate  that  not  only  the  functional  but  also  the  physical 
interaction  of  macrophages  with  immune  T  lymphocytes  is  related  to  the 
2/13  alloantigens  or  products  of  genes  closely  linked  to  the  alloantigen 
genes. 
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Significance  to  Biomedical   Research   and  Program  of  the   Institute: 

The   role  of   the  macrophage   in   the   immune   response  is   not   clearly 
defined.      A  number  of  studies    indicate   that  the  macrophage   is    required   for 
the   specific   activation  of  immune  T  lymphocytes.      The  studies   described 
here   demonstrate   that   the  macrophage   also  plays   a  role   in  genetic   control 
of  the  immune   response   and  that  a.lloantigens   or  the  Ir  gene  products 
themselves    are   important  in  cell   to   cell   interaction.      As   recent   studies 
have   also    demonstrated  the   importance  of  H   antigens    in  the  interaction 
of  T  and  B  lymphocytes,   the  methods    developed   for   direct   observation  of 
the  morphological   events    in  macrophage-lymphocyte   interaction  may  be   very 
useful   in   the   understanding  of  the  way   cells    interact   in   the  generation  of 
the  immune   response. 

Proposed   Course  of  Project: 

These   studies   will  be    continued  and  the   role  of  alloantigens    in 
macrophage-lymphocyte   interaction   further   refined  by  the   use  of  specific 
alloantisera  in   an   attempt   to  block   the  physical   interaction  of  macrophage 
and  lymphocyte.      The  possible   role  of  the   GPL-A  antigens   in  macrophage- 
lymphocyte   interaction  will    also  be   examined. 
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Serial  No.  NIAID  -  143 

Identification  of  the  origin  of  human  malignant 

reticular  cells  by  the  use  of  surface  membrane 
markers 


4 


Project  Description: 

Objectives : 

Cells  involved  in  the  immune  response  can  be  functionally  characterized 
by  the  presence  of  different  membrane  antigens  and  receptors.   In  the 
mouse,  thymus-dependent  (T)  lymphocyte  can  be  identified  by  the  presence 
of  the  e  isoantigen;  in  man,  T  cells  have  been  found  to  form  rosettes 
with  sheep  red  blood  cells  (E).  Thymus-independent  (B)  lymphocytes  in 
most  species  studied,  can  be  identified  by  the  presence  of  easily  detectable 
surface  immunoglobulin  and  a  receptor  for  antigen-antibody  complement 
complexes  (EAC).   Monocytes  and  macrophages,  the  third  cell  type  involved 
in  the  immune  response,  also  bear  a  receptor  for  EAC,  but  they  can  be 
distinguished  from  B  cells  because  they  also  bear  a  receptor  for  antigen- 
antibody-complexes  (EA).   The  presence  or  absence  of  these  various 
receptors  on  cells  of  unknown  type  may  provide  information  as  to  their 
origin.   In  this  study,  malignant  lymphoid  cells  from  humans  were  examined 
for  the  presence  of  these  various  receptors. 


Methods  Employed: 

In  order  to  detect  the  EAC  receptor,  the  lymphoid  cells  to  be 
studied  are  incubated  with  red  cells  that  have  been  coated  with  anti-red 
cell  antibody  of  the  IgM  type  and  mouse  serum  as  the  source  of  complement. 
The  percentage  of  cells  binding  these  complexes  is  determined  under  the 
microscope.   The  test  may  be  performed  on  lymphoid  cells  which  have  been 
disassociated  in  a  suspension  or  on  frozen  sections  of  lymphoid  cells 
from  spleen  or  lymph  nodes.   The  EA  receptor  is  detected  in  a  similar 
fashion  with  red  cells  coated  with  anti-red  cell  antibody  of  the  IgG 
type.   The  E  binding  human  T  cells  can  only  be  detected  on  lymphoid 
cells  in  suspension.   Different  red  cell  reagents  can  be  coupled  with 
either  rhodamine  or  fluorescein.   These  reagents  can  then  be  used 
simultaneously  to  detect  lymphoid  cells  bearing  more  than  one  receptor. 
Also  the  resetted  malignant  cells  can  be  placed  on  slides  and  stained, 
this  procedure  allows  for  definitive  cytological  identification. 

Major  Findings: 

The  cells  from  8  patients  with  nodular  lymphoma  were  studied,  both 
in  suspension  and  in  section.   The  malignant  cells  of  this  lymphoma 
bound  19SEAC  and  are  therefore  B  cells.   In  section,  the  19SEAC  reagent 
bound  only  over  the  cells  in  the  malignant  nodules.   The  cells  in  suspension 


^ 


3h 


4 


iUJ. 


SBm 


iSBaui 


Serial  No.  NIAID  -  li+3 

from  three  patients  with  poorly  differentiated  lymphoma  (diffuse),  bound 
E  indicating  that  these  cells  are  T  cells.  The  cells  from  three  patients 
with  histocytic  medullary  reticulosis  (Hairy  cell  leukemia)  bo\and  7SEA 
indicating  that  these  cells  were  monocytes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Malignant  lymphoid  reticular  cells  preserve  many  of  the  receptors 
found  on  normal  cells.   The  identification  of  these  receptors  on  malignant 
cells  thus  serves  to  identify  the  origin  of  the  malignant  cells.   The 
classification  of  malignant  lymphons  based  upon  their  normal  cell  of 
origin  may  have  to  be  useful  both  for  diagnosis  and  prognosis.   The 
availability  of  large  numbers  of  uniform  cells  populations  may  provide  a 
reagent  for  further  study  of  the  chemical  nature  of  these  receptors. 
The  study  of  the  products  and  physiologic  functions  of  these  malignant 
cells  (see  below)  may  provide  clues  as  to  the  pathophysiology  of  certain 
amlignant  disease  states.   Finally  the  presence  of  these  descrete  receptors 
on  the  surface  of  malignant  cells  may  allow  for  a  method  of  attacking 
and  destroying  these  malignant  cells. 

Proposed  Course  of  the  Project: 

The  studies  of  human  malignant  lymphomas  are  being  continued  and 
expanded. 

Project  Subtitle  II:   Identification  and  functional  study  of  the  abnormal 

cells  of  the  Sezary  Syndrome  and  mycosis  fungoides 


Project  Description: 

Objectives: 

The  Sezary  Syndrome  and  a  related  disorder  mycosis  fungoides  are  a 
type  of  lymphoma  characterized  by  either  diffuse  or  nodular  involvement 
of  the  skin  by  neoplastic  lymphoid  cells.   These  cells  may  also  appear 
in  the  peripheral  blood.   Late  in  the  course  of  the  disease,  other  organ 
systems  may  be  come  infiltrated  and  destroyed.   Our  objective  was  to 
examine  the  origin  of  the  malignant  cells  involved  in  this  disease  and 
study  some  of  their  physiological  properties. 


\ 


Methods  Employed: 

The  same  methods  used  in  the  preceeding  section  were  uf.ed  to  identify 
the  receptors  of  these  malignant  cells.   In  addition  functional  characteristics 
of  these  cells  were  investigated;  the  properties  studied  included  the 
production  by  these  cells  of  migration  inhibition  factor  (MIF)  and  the  ability 
of  these  cells  to  act  as  either  stimulator  or  responder  cells  in  the  mixed 
lymphocyte  reaction. 
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Major  Findings: 


The  abnormal  lymphocytes  from  three  patients  with  mycosis  fungoides 
and  four  patients  with  lymphocytic  leukemia  and  erythroderma  were  foimd 
to  have  properties  of  T  cells  (they  formed  rosettes  with  lommodified 
sheep  cells  (E)  and  lacked  surface  immionoglobulin ) .   The  cells  of  one  of 
these  patients,  in  addition  to  binding  E,  also  bound  19SEAC  and  therefore 
had  the  C3  receptor  characteristic  of  B  cells. 

Cells  from  one  patients  with  the  Sezary  Syndrome  were  stimulated 
with  PHA  and  could  respond  in  mixed  lymphocyte  culture.   The  cells  of 
two  other  patients  with  the  Sezary  Syndrome  did  not  respond  in  vitro  to 
PHA  stimulation  and  did  not  respond  in  mixed  lymphocyte  culture.   Moreover 
the  cells  from  one  patient  failed  to  act  as  stimulator  cells  in  mixed 
lymphocyte  culture . 

Sera  from  six  patients  with  Sezary  Syndrome  were  found  to  contain 
MIF  like  activity  while  sera  from  normal  individuals  and  from  patients 
wth  other  dermatologic  disease  did  not  contain  MIF  activity.   Furthermore 
supernatants  from  cultures  of  the  lymphocytes  of  3  of  5  patients  with 
the  Sezary  Syndrome  contained  MIF  activity  whereas  supernatants  of 
lymphocytes  from  normal  individuals  did  not  have  MIF  activity. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 

The  identification  of  the  origin  of  the  malignant  cells  of  mycosis 
fungoides  and  the  Sezary  Syndrome  and  the  functional  abilities  of  those 
cells  may  provide  important  clues  as  to  the  pathophysiology  of  the 
disease  process.   For  example  unregulated  production  of  lymphokines 
could  conceivably  be  related  to  the  severe  erythroderma  observed  in  this 
group  of  patients.  Furthermore,  the  failure  in  some  instances  of  these 
cells  to  stimulate  mixed  lymphocyte  culture  may  provide  importajit  reagants 
for  the  study  of  the  nature  of  the  antigens  on  the  surfaces  of  normal 
lymphocytes  which  are  required  for  this  in  vitro  immunological  reaction. 
Finally,  a  better  understanding  of  the  physiology  of  these  cells  may 
provide  a  basis  for  more  effective  therapy  of  these  diseases.   More 
specifically  knowledge  of  the  long  survival  time  and  slow  mitotic  rate 
of  the  abnormal  T  cells  present  in  Sezary  snydrome  and  mycosis  fungoides 
suggested  that  leukaphersis  might  be  a  useful  form  of  therapy.   In  one 
patient,  such  therapy  has  indeed  proven  to  be  highly  successful. 

Project  Subtitle  III:   Rapid  induction  of  B  cell  tumors  by  Abelson  virus 

Objectives: 

A  recently  described  virus,  the  Abelson  virus,  is  able  to  induce 
lymphomas  in  a  variety  of  strains  of  mice  with  a  very  high  frequency  and 
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with  a  very  short  latent  period  (2-3  weeks).   The  objective  of  the 
present  study  was  to  determine  the  lymphoid  cell  type  of  origin  of  these 
malignant  cells. 


Methods  Employed:     .  . ,  ^ 

BALB/c  mice  were  injected  with  the  Abelson  virus-  intraperitoneally. 
Mice  were  observed  for  tumors;  the  primary  tumors  were  examined  by  the 
methods  to  be  described  below  and  were  also  transplanted  subcutaneously 
in  other  BALB/c  mice.   The  secondary  tumors  were  also  examined. 

The  cells  were  teased  from  the  tiomors  and  individual  cell  suspensions 
were  prepared.   These  were  labelled  with   Cr  and  treated  with  anti  9 
ser\im  and  complement.   The  cells  were  also  stained  ,in  the  living  state 
with  fluorescein  labelled  anti  k  serum  or  class  specific  antibody. 

Major  Findings:  ■      ■,     . 

No  tumor  cells  were  killed  with  anti-G  serum  and  complement.   These 
results  indicated  that  cells  were  9  negative  and  were  therefore  not 
likely  to  be  malignant  thymus-derived  lymphocytes. 

The  cells  prepared  from  primary  tumors  did  not  have  immunoglobulin 
on  their  siirface.   However,  the  cells  from  secondary  tumors  had  kappa 
chains  for  their  surface  as  judged  by  the  results  of  immunofluorescent 
staining.  Of  great  interest  was  the  fact  that  the  cells  did  not  stain 
with  any  class  specific  antibody  tested.   This  result  suggests  that  only 
free  kappa  chains  are  present  on  the  surface  of  these  malignant  B  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Study  of  the  basic  biology  of  tumors  induced  by  this  new  virus  may 
give  insights  into  the  mechanism  of  viral  oncogenesis.   The  apparent 
specificity  of  this  virus  for  B  lymphocytes  raises  the  possibility  that 
B  lymphocytes  may  have  surface  receptors  for  this  virus  and  therefore 
may  be  especially  susceptible.  In  this  regard,  it  is  of  interest  that 
chronic  lymphatic  leukemia  of  man  is  principally  a  disease  of  B  lymphocytes 
and  that  a  receptor  for  the  EB  virus  is  also  found  only  on  B  lymphocytes. 

Proposed  Course  of  the  Project: 

Further  studies  of  the  host  range  of  this  virus  will  be  conducted  - 
specifically  if  the  Abelson  virus  or  one  of  its  varients  can  produce 
tumors  in  inbred  guinea  pigs. 
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Project  Subtitle  I: 

Project  Description 
Objectives: 

Induction 
in  vitro 

and  regulation  of  immune  responses 

The  immune  responses  to  some  antigens  requires  little  or  no 
cooperation  from  thymus-derived  (T)  lymphocytes  or  adherent  accessory 
(A)  cells.   These  responses  to  a  defined  set  of  antigens  constitute  a 
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unique  model  for  studing  direct  activation  of  antibody-forming  bone 
marrow-derived  (B)  lymphocytes.   The  objective  of  this  work  is  to  understand 
how  the  interaction  of  antigen  with  the  surface  of  a  B  lymphocyte  leads 
to  the  induction  of  specific  antibody  synthesis. 

Methods  Employed: 

Mouse  spleen  cells  are  cultured  in_  vitro  with  antigen  for  U  or  5 
days  and  the  number  of  cells  releasing  specific  antibody  of  the  IgM  or 
IgG  class  en\imerated  by  localized  hemolysis  of  antigen-coated  erythrocytes 
in  agarose. 


Major  Findings: 

Mouse  spleen  cells  were  found  to  respond  to  dinitrophenyl-lysine 
coupled  to  polysucrose  (DNP-Ficoll,  prepared  by  Dr.  P.R.B.  McMaster, 
LMI/NIAID)  by  producing  large  numbers  of  IgM  antibody- forming  cells 
in  vitro.   This  response  to  a  novel  antigen  has  been  studied  extensively. 
It  requires  neither  T  lymphocytes  nor  macrophage-rich  adherent  cells  for 
the  generation  of  antibody-forming  cells.   The  magnitude  of  the  response 
is  unaffected  by  priming  spleen  cell  donors  with  DNP-protein  antigens. 
Neither  Ficoll  nor  DNP-Ficoll  are  significantly  mitogenic,  nor  do  they 
bind  or  activate  complement  components.  Induction  of  DNP-specific  tolerance 
abrogates  responsiveness  to  DNP-Ficoll,  showing  a  requirement  for  DNP- 
specific  cells  to  initiate  a  response.   Large  amounts  of  Ficoll  added  to 
cultures  simultaneously  with  a  small  immunogenic  quantity  of  DNP-Ficoll 
fail  to  alter  the  anti-DNP  response,  suggesting  that  the  responding  B 
lymphocyte  recognizes  and  is  stimulated  primarily  via  DNP  haptenic 
groups.   In  experiments  done  in  collaboration  with  Dr.  R.  Asofsky 
(LMI/NIAID),  goat  anti-p  serum  was  found  to  be  a  potent  inhibitor  of 
the  DNP-Ficoll  response,  suggesting  immunoglobulin  as  the  cell  receptor 
for  DNP. 
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In  the  course  of  tolerance  experiments  using  the  DNP  derivative  of 
a  copolymer  of  D  glutamic  acid  and  D^  lysine  (DNP-D-GL)  to  inhibit  the 
response  to  DNP-Ficoll,  we  discovered  that  DNP-D-GL  itself  is  a  good 
in  vitro  immunogen  under  a  circumscribed  set  of  conditions.   Namely, 
DNP-D-GL  bound  to  adherent  cells  from  mouse  spleen,  or  presented  free  in 
exceedingly  low  doses  (in  the  picogram  range)  stimulates  a  significant 
anti-DNP  primary  in  vitro  response.   However,  DNP-D-GL  presented  in 
higher  concentrations  or  in  the  absence  of  adherent  cells  seems  to  lead 
to  irreversible  DNP-specific  tolerance.   This  system  is  also  without  a 
requirement  for  T  lymphocytes,  and  is  being  used  to  study  immunogenic 
and  tolerogenic  signals  in  vitro. 

In  collaboration  with  Dr.  R.  Tigelaar,  an  in  vitro  response  to  type 
III  pneumococcal  polysaccharide  (SIII)  has  been  induced.   These  experiments 
are  in  a  preliminary  phase,  but  they  may  well  lead  to  a  system  for 
defining  T  cell  regulation  of  antibody  synthesis  in  vitro,  and  confirming 
and  extending  the  observations  of  Dr.  P.  Baker  et.  al.  on  T  suppressor 
cells  and  the  SIII  response. 
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In  collaboration  with  Dr.  Philip  Cohen  and  Dr.  Irwin  Scher,  the 
response  of  genetically  B  cell  deficient  CBA/HN  mice  is  being  studied. 
Spleen  cells  from  such  mice  fail  to  respond  to  DNP-Ficoll  in  vitro,  but 
respond  well  to  sheep  erythrocytes,  a  T-dependent  antigen.   The  nature 
of  the  B  cell  defect  in  these  mice  is  being  examined  in  cell  reconstitution 
experiments  in  vitro. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute: 

The  use  of  antigens  capable  of  direct  B  cell  activation  or  inactivation 
will  allow  an  understanding  of  regulation  of  immune  responses  at  the 
cellular  level.   In  the  cases  of  DNP-Ficoll  and  SIII,  these  polysaccharide 
antigens  are  appropriate  models  for  human  immtine  responses  to  bacterial 
cell  wall  polysaccharide  antigens. 

Proposed  Course  of  the  Project: 

A  minimal  model  for  antibody  induction  in  vitro  will  be  studied, 
using  purified  B  lymphocytes  stimulated  with  DNP-Ficoll,  to  further 
delineate  the  events  involved  in  cell  activation.   Analysis  of  B  cell 
subpopulations  will  be  carried  out  using  the  CBA/HN  strain. 

Project  Subtitle  II:   Ontogeny  of  T  lymphocyte  function. 

Project  Description: 

Objectives:       . ,      ' 

Thymic-derived  (T)  lymphocytes  mediate  cellular  immionity  and  appear 
to  regulate  many  functions  of  bone  marrow-derived  (B)  lymphocytes.  The 
differentiation  of  T  lymphocytes  in  the  developing  animal  is  thus  of 
clear  interest;  moreover,  subpopulations  of  T  cells  may  manifest  their 
fiinction  at  different  times  in  ontogeny,  and  therefore  provide  insight 
into  their  role  in  the  adult,  where  several  T  cell  subpopulations  seem 
to  coexist . 

Methods  Employed: 

Thymocytes  or  spleen  cells  from  fetal,  neonatal,  or  adult  BALB/c  mice 
have  been  cultured  in  vitro  with  a  variety  of  specific  and  nonspecific 
stimuli  of  T  and  B  lymphocytes  and  proliferation  or  antibody  formation 
assayed.   Steroid  pretreatment  or  infection  with  thymic  agent,  a  herpes 
virus,  have  been  used  to  selectively  alter  T  cell  function. 

Dr.  Philip  Cohen  and  I  have  continued  to  study  to  acquisition  of  T 
lymphocyte  function  in  the  neonatal  BALB/c  mouse.   Two  model  systems  are 
being  used  to  selectively  alter  the  proportions  of  T  cell  subpopiilations 
in  the  neonate.   Hydrocortisone  administration  has  been  found  to  reduce 
the  number  of  lymphocytes  in  the  neonatal  thymus  by  80-90^,  but  to 
increase  the  responsiveness  of  the  surviving  subpopulation  to  phytomitogen 
stimulation  by  six-  to  eight-fold,  establishing  the  existence  of  a 
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highly-reactive  subpopulation  of  steroid-resistant  cells  in  the  neWborn 
as  well  as  in  the  adult.   In  the  second  system,  Drs.  P.  Cohen,  S.  Cross, 
H.C.  Morse,  III,  and  I  have  "been  studying  the  effects  of  neonatal  infection 
with  the  herpes  virus,  thymic  agent  (TA),  which  induces  reversible 
thymic  necrosis  when  inoculated  soon  after  birth.   TA- infected  BALB/c 
mice  show  severe  depression  of  T-lymphocyte  mediated  responses  in  both 
thymus  and  spleen  for  the  first  5  or  6  weeks  of  life.   B  lymphocyte 
responses,  such  as  proliferation  after  lipopolysaccharide  stimulation  or 
antibody  formation  to  DWP-Ficoll,  are  unimpaired.   The  recovery  phase  of 
this  transient  T  cell  defect  is  now  being  examined  in  greater  detail. 
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The  ability  of  T  lymphoyctes  to  act  as  "helper"  cells  for  antibody 
formation  during  ontogeny  has  been  examined  by  comparing  the  ability  of 
neonatal  BALB/c  spleen  cells  to  form  antibody  in  vitro  in  response  to 
the  T-dependent  antigen  sheep  red  blood  cells  (SRBC)  or  the  T-independent 
antigen  DNP-Ficoll.   The  ability  to  respond  to  DNP-Ficoll  appears  prior 
to  the  ability  to  respond  to  SRBC,  suggesting  a  lag  in  development  of  T 
helper  cells  until  3  or  i+  weeks  of  age.   This  interpretation  was  confounded, 
however,  by  the  finding  that  T  cells  (purified  by  nylon  wool  columns) 
from  neonatal  spleen  were  suppressive  of  antibody  formation.   Apparently 
the  neonatal  spleen  has  both  a  deficit  of  T  helper  cells  and  an  excess 
of  T  suppressor  cells. 


In  collaboration  with  Dr.  H.C.  Morse  III,  the  ability  of  a  long- 
term  cell  line  derived  from  thymic  epithelium  (TEP's)  to  reconstitute 
the  T  cell  defect  of  congenitally  athymic  nude  mice  has  been  examined. 
In  control  experiments,  TEP's  were  found  to  fully  reconstitute  all  T 
cell  functions  measured  in  neonatally-thymectomized  BALB/c  mice.   In 
contrast,  nu/nu  athymic  (BALB/c)  mice,  which  have  been  stated  to  have  an 
epithelial  cell  defect,  were  resistant  to  repeated  attempts  at  reconstitution 
with  TEP's.  Either  nude  mice  have  a  stem  cell  defect,  or  neonatally- 
thymectomized  mice  already  have  differentiated  "prethymic"  T  cells 
susceptible  to  epithelial  influence  prior  to  birth. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
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Understanding  the  ontogeny  of  T  cell  function  is  crucial  to  understanding 
a  variety  of  immunological  defects  in  the  newborn  human,  e.g.  increased 
susceptibility  to  viral  infection  or  inability  to  reject  allogeneic 
cells  acquired  during  blood  transfusions.   It  may  also  lead  to  a  fuller 
understanding  of  self-tolerance. 


Proposed  Course  of  the  Project: 

The  work  on  thymic  agent  and  the  mechanism  of  inductive  influence 
by  thymic  epithelial  cells  will  be  expanded.   The  role  of  neonatal  T 
suppressor  cells  in  inducing  self-tolerance  will  be  tested  using  cell 
fractionation  on  gradients  and  transfer  to  T-depleted  recipients.   The 
role  of  viral  infection  in  altering  T  cell  function  will  be  the  subject 
of  several  new  studies. 
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Project  Subtitle  I:   Multispecificity  of  Antibodies 

Project  Description: 

Objectives : 

The  overall  objectives  of  this  project  are  to  relate  immunological 
specificity  to  the  properties  of  individual  antibody  and  antibody-like 
molecules  (receptors),  and  to  probe  the  extent  and  genetic  basis  of 
antibody  diversity.   Specific  objectives  are:   (l)  to  provide  a  quantitative 
theoretical  framework  for  understanding  immunological  specificity  in 
terms  of  multispecific  properties  of  antibody  combining  sites,   (2)  to 
explore  experimentally  the  extent  and  character  of  disparate-structure 
multispecificity,  (3)  to  employ  disparate-structure  cross  reactions  as  a 
means  for  raising  relatively  homogeneous  antibody  for  amino  acid  sequence 
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studies,  (U)  to  use  such  cross  reactions  also  as  markers  for  variable 
region  immunoglobulin  genes,  (5)  to  develop  improved  methodology 
for  amino  acid  sequencing  of  peptides  and  proteins,  and  (6)  to  sequence 
variable  regions  of  antibodies  isolated  by  immunoadsorption  based  on 
multiple  binding  specificities. 

Methods  Employed: 

Hapten-specific,  hemolytic  plaque  assays  have  been  carried  out 
by  methods  developed  over  a  number  of  years  in  Dr.  Merchant's  laboratory. 
These  procedures  have  included  storage  of  cell  suspensions  for  long 
periods  of  time  iinder  liquid  nitrogen  and  their  restoration  to  a 
viable  state.   The  studies  of  humoral  immune  specificity  using  these 
assays  have  been  greatly  enhanced  by  the  use  of  a  panel  of  \h   to  l6 
large  haptens  and  a  gentle,  systematic  coupling  method  (Inman  et  al. , 
Immunochem.  10,  153,165  (1973). 

Polyacrylamide  adsorbents  are  being  prepared  by  chemical  pro- 
cedures developed  by  Inman  and  Dintzis  (Biochem.  8_,  i+07^  (1969)  and 
recently  extended  by  Inman  (see  publications).   Immunoglobulins 
(TS)  from  normal  mouse  sera  were  prepared  by  precipitation  with  50^ 
saturated  ammonium  sulfate  followed  by  dialysis  and  column  chromatography 
on  DEAE-cellulose.   All  compounds  used  in  studying  new  radioiodination 
and  sequencing  procedures  were  synthesized  in  this  laboratory. 

Major  Findings: 

Recent  evidence  indicates  that  individual  antibody  molecules 
can  bind  substances  with  structures  quite  different  from  that  of  the 
eliciting  antigen.   These  disparate-structure  cross  reactions  contrast 
with  the  exquisite  specificity  commonly  associated  with  serological 
reactions.   In  the  latter  case,  however,  one  is  dealing  with  populations 
containing  many  molecular  species  of  antibody.   The  member  species  of 
each  population  are  structurally  diverse  but  share  a  common  reactivity 
to  one  or  more  determinant  structures  of  the  immunogen  whereas  disparate 
reactivities  may  be  largely  imshared. 

Work  has  been  completed  on  a  theoretical  model  which  provides  a 
means  for  calculating  the  probability  of  serological  cross  reactions 
within  a  system  of  multispecific  antibodies  as  described  above. 
Combinatorial  logic  was  applied  to  arrive  at  a  general  probability 
function  involving  U  independent  variables.   These  parameters  are: 
the  total  number  of  combining  species  of  antibody,  the  portion  thereof 
that  can  potentially  react  with  a  test  hapten,  the  number  of  species  in 
an  antiserum  (made  to  another  hapten),  and  the  number  of  antiserum 
species  that  cross-react  with  the  test  hapten.   A  computer  program  was 
set  up  by  Dr.  David  Ailing  to  evaluate  probabilities  for  any  number  of 
cross-reacting  species  covering  wide  ranges  of  the  ii  variables. 
Approximation  formulas  were  derived  which  allowed  interpolations  to  be 
made  by  manual  calculation.   Several  results  were  quite  noteworthy:   if 


\5 


4r 


■''■■tw^ 


\ 

li 

1 

Serial  Wo.  WIAID  -  lij-5 

one  assumes  a  reasonable,  finite  threshold  for  detecting  serological  cross 
reactions,  then  it  could  be  shown  that  (l)  the  specificity  of  immune  sera 
can  exceed  by  many  orders  of  magnitude  that  of  its  individual  components, 
(2)  the  specificity  of  immune  sera  increases  sharply  (and  exponentially) 
with  increasing  degree  of  heterogeneity,  and  (3)  adequately  specific  immune 
sera  to  an  unlimited  niomber  of  antigens  can  be  populated  from  a  total 
repertoire  of  a  few  hundred  thousand  antibody  species.   If  nature  has  taken 
this  conservative  course,  then  the  genetic  load  for  coding  the  corresponding 
variable  region  structures  would  be  rather  modest  even  if  all  the  information 
were  carried  in  the  germ  line.  A  more  detailed  account  of  the  model  and  the 
above  results  will  be  published  later  this  year  (see  publications).  A  con- 
ceptual model  of  a  multispecif ic  binding  region  on  an  antibody  surface  was 
proposed  where  binding  is  viewed  as  a  selection  of  a  dozen  or  so  surface 
atoms  for  short-range  interactions  with  the  antigen  (from  a  much  larger  set 
of  potential  contact  atoms).  This  idea  has  been  far  more  useful  in  dealing' 
with  structure-specificity  relationships  than  the  conventional  complementary 
surface  (lock  and  key)  concept. 


\     ^ 


Studies  with  the  hapten-specific  hemolytic  plaque  assay  in  collaboration 
with  Dr.  Bruce  Merchant  have  continued  to  reveal  numerous   instances  of 
multispecif ic  binding  by  anti-hapten  antibodies.   Some  antibody  secreting 
cells  from  most  animals  immunized  with  substituted  phenylazo  haptens  formed 
plaques  with  red  cells  coupled  with  haptens  of  dissimilar  structure  such  as 
tripeptide  derivatives  of  IKP,  TNP,  dansyl,  and  more  recently  NP  and  NIP 
( 3-nitro-ij-hydroxyphenylacetyl  and  3-nitro-4-hydroxy-5-iodophenylacetyl, 
respectively). 

A  more  direct  study  of  disparate-structure  cross  reactions  has  been 
carried  out  in  collaboration  with  Drs«  Merchant  and  Srivastava.   Cross  re- 
actions were  detected  by  inhibition  of  plaques  caused  by  various  compounds 
(unrelated  to  the  immunogen)  placed  in  the  assay  medium.   Since  disparate- 
structure  cross-reactions  involve  only  one  or  a  few  member  species  of  a 
heterogeneous  population  of  antibodies,  inhibition  of  plaques  by  such  means 
would  seldom  cause  a  significant  percentage  decrease  in  the  PFC.   However, 
measurable  plaque  inhibition  can  be  seen  if  restricted  populations  of  clones 
are  tested.  This  has  been  accomplished  either  by  using  spleen  cells  from  a 
restricted  responder  animal  or  by  employing  test  red  cells  sensitized  with  an 
alternate  hapten.  Thus,  in  the  latter  case,  plaque  inhibition  demonstrates  a 
triple  specificity  (to  the  immunogen,  the  red  cell  hapten  and  the  soluble 
test  hapten).  A  panel  of  20  diverse  test  haptens  has  been  employed.  With 
most  immune  spleen  cell  suspensions  tested,  at  least  one  and  often  several 
test  compounts  (at  10"^  and  10-5  m)  inhibited  greater  than  3C^  of  the  PFC 
directed  against  an  alternate  hapten.  All  20  compounds  were  found  to  be 
non- inhibitory  with  one  or  more  cell  donors.  Therefore,  intiibition  by  toxic 
suppression  of  antibody  synthesis  can  be  ruled  out.   Cells  from  three  rabbits, 
immunized  with  a  p-sulfophenylazo  coupled  carrier,  were  tested  against 
erythrocytes  bearing  the  trimethylphfenylammonium  hapten.  Results  showed  PFC 
inhibition  with  2  out  of  the  20  test  compounds. 
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Spleen   cells    from  a  rabbit   giving  a  highly  restricted  secondary   (igG) 
response  to  the  p-arsonophenylazo    (A)   hapten  were   tested.      Restriction  was 
assessed  by  isoelectric   focusing   (by  Dr.    Mage)   and  with  PFC  inhibition  curves 
with   free,  homologous  hapten.      Two  of  the   20   compounds   caused  substantial 
inhibition   (approx.    50-55^)   of  PFC  against   the  homologous  hapten.      A  litter- 
mate   and  three  other  NZW  rabbits   gave  non-restricted  responses  to  A  by  iso- 
electric  focusing  and  showed  no  PFC  inhibition  by  any  of  the  20   compounds. 
The   results   support  the  view  that   disparate-structure   cross-reactions   are 
detectable  when  one   deals  with  highly  restricted  populations   of  antibodies. 
Myeloma  proteins,  which  behave  in  a  similar  manner,   appear  then  to  be 
functional   representatives   of  normal  antibody  species. 


Currently   a  more   general   approach   to   studying  disparate-structure   cross- 
reactions   is  being  initiated  in  my  laboratory.      Rather  than  observing  a 
secondary  phenomenon  such   as   specific  hemolytic  lysis,  measurements  will  be 
made  of  the   direct   interaction  of  specific  antibodies  with  various  haptens 
bound  to  immixnoadsorbents .      A  panel  of  such  iramuno adsorbents   is   currently 
being  prepared.      The  selected  adsorbent  matrix  is   cross-linked  poly- 
acrylamide.      Haptens   are  being  attached  to  the  polymer  backbone  through 
spacing  groups.      During  the  past  year  a  series   of  versatile  spacing 
structures  bearing  terminal   functional  groups  were   designed  and  their 
synthesis  worked  out.      Details   of  these  procedures   are  being  published  in  a 
forthcoming  volume  of  "Methods   in  Enzymology"   devoted  to  methods   for  affinity 
chromatography   (see  publications).      The  spaced-out  terminal   groins   are  useful 
in   forming  stable  covalent  bonds  with  a  large  variety  of  haptens.      The 
groups   include   a  and  3  primary  amines,    carboxyls ,   carboxylic  hydrazides,   a 
halogen,   arylisothiocyanate,    and  sulfhydryls. 

Specific   antibodies   being  screened  for  cross-reactivity  are  to  be  label- 
ed with   radioiodine.      In  the  interest  of  minimizing  chemical   alteration   (and 
possibly  binding  properties)   of  antibodies  by  the  radioiodination  procedure, 
new  labeling  methods   have  been  investigated  which  eliminate  exposure  of  the 
test  protein   to   oxidizing  or  reducing  substances   and  preclude  the  involvement 
of  tyrosine   residues.      The    favored  approach  has   been  the   attachment  of  small 
iodine-containing  compounds      to   free   amino   groups   of  immunoglobulin     molecioles 
by  means   of  a  mild,   specific   acylation  reaction.      Currently,   immunoglobiilins 
are  being  labeled  by  a  modification  of  the  Bolton  and  Hunter  procedure   (Bio- 
chem.   J.   133,    529    (1973)).      The  reactive  N-hydroxysuccinimide  ester  of  p-hy- 
droxyphenylpropionic     acid  is   iodinated  by  the   chloramine-T  method  and  then 
extracted  into  benzene.      After  removal  of  solvent  the  iodinated  compound  is 
dissolved  in  water  and  added  to   a  buffered  solution  of  the  protein  to  be 
labeled.      Very  usefiol  modifications   of  the  above  procedure  have  been  developed 
recently  in  this   laboratory. 

A  similar   approach  to  radioiodination  has  been  under  investigation  in 
collaboration  with  Dr.    Srivastava.      Radioiodide   can  be  exchanged  into   active 
esters   of  iodoalkanoic   acids   in  acetone  solution.     We  have  investigated  a 
number  of  such   compounds  with  regard  to   rates   of  exchange  and  stability  of 
the  label.      The  most  satisfactory  results  were  obtained  with  the  N-hydroxy- 
succinimide  ester  of  6-iodohexaiioic  acid.      These  esters   and  N-acylsuccinimides 

of  various    C^  through   C^  iodoacids  were  compared. 
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The  sensitivity  of  the  screening  assay  was  established  by  measuring 
the  natural  antibody  level  to  the  NIP  hapten  in  the  7S  immunoglobulins  of 
unimmunized  SM/J  and  CBA./H  mice.  The  labeled  immunoglobulin  was  passed 
through  a  small  NIP-conjugated,  polyacrylamide  bead  column.  The  column  was 
washed  with  buffer  and  eluted  with  the  free  hapten  (at  5  ^  lO-'^-  M).  A 
distinct  peak  was  obtained  representing  only  0.09^  of  the  total  radioactivity 
of  the  sample. 

Some  progress  has  been  made  in  developing  new  methodology  in  amino  acid 
sequencing.,  Although  automated  sequential  degradations  have  greatly  accelerated 
this  type  of  analysis,  many  technical  problems  remain,  especially  in  the  area 
of  identification  and  quantitation  of  degradation  products.   I  have  found  that 
thiazolinones,  which  are  liberated  upon  stepwise  degradation  of  peptides,  can 
be  rapidly  converted  to  phenylthiocarbamyl  amino  acid  alkylamides  by  treatment 
with   volatile  alkylamines.  These  derivatives  were  synthesized  by  several 
routes  and  were  found  to  be  separable  by  TLC  and  liquid  chromatography.  Their 
ultraviolet  spectra  lend  well  to  high-sensitivity,  on-stream  UV  detection. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

It  is  now  possible  to  develop  and  use  methods  of  high  sensitivity  and 
discriminatory  power  for  exploring  more  fully  the  degree  and  nature  of  anti- 
body specificity.   It  has  become  evident  that  the  specificity  of  immune  sera, 
and  presumably  of  complex  immune  systems,  may  not  be  a  direct  reflection  of 
the  specificity  of  individual  combining  sites  on  antibodies  or  receptors.  An 
understanding  of  the  specificity  of  immune  systems  will  have  to  rest  on  a 
fundamental  reassessment  of  binding  site-ligand  specificity  and  on  finding 
the  principles  which  relate  this  to  specificity  shown  by  more  complex  systems. 
These  principles  will  involve  effects  of  homogeneous  and  heterogeneous  site 
populations  and  various  kinds  of  polyvalent  (polysite)  ligation.  These 
findings  should  help  to  clarify  many  questions  concerning  the  operation  of 
control  mechanisms  in  humoral  and  cell-mediated  immionity. 

Fundamental  questions  about  the  genetic  and  biosynthetic  mechanisms 
operating  to  generate  antibody  diversity  remain  unanswered.   It  is  difficult 
to  believe  that  the  processes  which  operate  for  this  purpose  are  an  entirely 
unique  adaptation.  Most  investigators  feel  that  solutions  to  problems  posed 
by  antibody  diversity  will  help  in  answering  many  important  questions  in 
molecular  and  cell  biology  of  higher  organisms. 

Proposed  Course  of  Project; 

Theoretical  problems  will  lie  in  the  area  of  polyvalent  ligation  and 
its  effects  on  specificity.  A  body  of  data  from  hapten-specif ic  plaque  assays 
will  furnish  support  for  ideas  which  have  already  taken  shape.  The  screening 
program  for  disparate-structure  cross-reactions  will  have  immediate  priority 
over  other  concerns.  Once  established  the  screening  will  be  used  for  setting 
up  cross  stimulation  experiments  for  producing  restricted  antibody.   Cross- 
reactions  will  also  be  used  in  establishing  markers  for  V-region  genes. 
Three-way  cross-reactions  may  prove  effective.  The  markers  will  be  employed 
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to  find  out  how  frequently  a  V^  x  Vh  structure  will  occur  in  (at  least  some) 
progeny  of  an  inbred  animal  in  order  to  establish  the  extent  of  germ  line 
transmission  (or  somatic  generation)  of  diversity, 

V-regions  markers  will  be  checked  where  possible  by  amino  acid 
sequencing  of  V-regions  of  H  and  L  chains  or  portions  thereof.  New  automated 
systems  (based  on  the  solid- phase  principle)  for  sequencing  will  be  explored 
in  the  near  future  in  collaboration  with  Dr.  Appella.   The  analytical  methods 
discussed  above  will  be  employed  for  identification  of  various  amino  acids. 


^n1 


Project  Subtitle  II; 


Manipulation  of  the  Immune  Response; 
Chemical  Modification  of  Antigens. 


Synthesis  and/or 


Project  Description:  ■  ' 

Objectives;  '  '" 

To  employ  various  strategies  of  chemical  synthesis  in  the  design  and 
preparation  of  antigenic  reagents  which  are  uniquely  suited  for  use  in 
answering  questions  about  genetic  and  receptor-mediated  control  in  immune  re- 
sponses. These  efforts  are  carried  out  in  collaboration  with  other  investi- 
gators who  specialize  in  techniques  of  immunobiology.   In  most  instances 
there  is  a  special  demand  for  chemical  steps  that  can  be  carried  out  in 
aqueous  media  and,  in  some  cases,  under  very  mild  conditions  in  the  presence 
of  living  cells. 

Methods  EmpJ.oyed: 

Most  reactions,  except  for  the  synthesis  of  intermediates,  are  conducted 
in  aqueous  solutions.  Many  of  the  mild  acylation  reactions  used  in  peptide 
synthesis  have  been  adapted  for  these  studies:   Thus,  frequent  use  has  been 
made  of  acyl  azides  and  active  esters.  Removal  of  reagents  from  reactions 
involving  soluble  polymers  has  been  performed  by  dialysis.  Alkylation  re- 
actions involving  sulfhydryl  groups  are  currently  being  investigated  as  a 
mild,  specific  bond-forming  method. 

Major  Findings: 

A  general  and  very  useful  approach  to  introducing  haptenic  groups  on  the 
thymus  independent  carrier,  Ficoll  (polymerized  sucrose  from  Pharmacia),  has 
been  developed.   Carboxymethylation  (forming  stable  ether  bonds  at  sucrose 
OH  groups)  is  carried  out  to  a  controlled  degree  by  a  time-limited  reaction 
with  chloroacetate  in  the  presence  of  1  to  2  M  sodium  hydroxide  at  room 
temperature  (or  at  40°).  Haptens  may  be  subsequently  attached  to  the  bound 
carboxyl  groups.   So  far,  the  latter  have  been  altered  to  provide  primary 
amino  groups  by  reaction  with  water-soluble  carbodiimide  in  the  presence  of 
excess  ethylenediamine  dihydrochloride .  Haptens  have  then  been  bound  to  the 
terminal  amino  groups.  Several  of  the  large  tripeptide  derivatives  (see  use 
in  Project  Subtitle  Hi),  DNP^ and  TNP  groups  have  been  coupled  to  Ficoll  by 
this  route. 
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Another  general  strategy  of  considerable  potential  use  is  the  hetero- 
ligation  of  two  different  proteins  (or  polymers),  that  is,  the  predominant 
formation  of  A-B  (rather  than  A-A  or  B-B)  covalent  complexes.  Very  few,  if 
any,  useful  techniques  exist  for  this  purpose.  Two  new  reagents  have  been 
designed  and  synthesized  during  the  past  year  for  performing  heteroligation 
involving  proteins  and  viable  cells.  One  is  a  compound  for  introducing 
sulfhydryl  groups  onto  proteins  or  cell  surfaces  under  very  mild  conditions 
(at  physiological  pH  without  the  requirement  for  catalysts  or  blocking 
groups ) .   The  other  reagent  binds  mild  alkylating  groups  to  proteins  or  poly- 
mers containing  free  amino  groups.   Two  components,  each  treated  with  one  or 
the  other  reagent,  can  be  made  to  combine  selectively  through  a  stable 
thioether  bond.  This  approach  is  now  being  evaluated „ 

Studies  of  specificity  and  mechanisms  in  cell-mediated  immunity  employing 
complete  ^^^  vitro  systems  are  being  carried  cut  by  Dr.  Hillel  Koren  with  my  ' 
collaboration  on  chemical  problems.  Both  sensitizing  and  target  cells  are 
prepared  hapten-specific  by  conjugation  with  the  tripeptide  derivatives  of 
Inman  et_  al.  (as  described  in  Immunochem  10,  153,1^5  (1973) )•  Viability  and 
function  have  been  maintained  in  spite  of  heavy  hapten  loading  of  cell  surface 
components. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Chemically  synthesized  or  modified  antigens  are  playing  an  important 
part  in  numerous  studies  aimed  at  elucidating  mechanisms  of  Immune  responses. 
Rational  design  and  control  of  antigenic  structure  permits  separate  evaluation 
of  effects  due  to  carrier  and  hapten  specificity,  genetic  control  of  respons- 
iveness, various  routes  of  antigen  processing,  and  modes  of  presentation  of 
antigen  to  precursor  cells.   From  these  basic  studies  will  evolve  ways  of 
manipulating  immune  responses  through  use  of  specially  designed  antigens. 
These  findings  will  thus  set  the  stage  for  rational  approaches  to  immuno- 
therapy and  to  the  treatment  of  diseases  of  immunological  origin. 
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Proposed  Course  of  Project;  ' 

The  colloborative  studies  described  above  are  to  continue.  Emphasis 
will  be  placed  on  the  preparation  and  use  of  thymus  independent  antigens 
(e.g.,  those  based  on  Ficoll)  and  on  protein-cell  conjugates.  The  latter 
will  be  used  in  experiments  aimed  at  enhancing  cell-mediated  immunity  and 
will  be  a  collaborative  effort  with  Drs.  Appella  and  Law  (NCI).,   Plans  are 
currently  under  consideration  for  antigen  modifications  useful  in  exploring 
the  specificity  of  immune  responsiveness  control  and  introducing  radioactive 
labels  of  high  specific  activity  into  synthetic  antigens. 


Project  Subtitle  III: 


Project  Description; 


Cellular  Studies  on  the  Development  of  Specificity  in 
Hiomoral  Immune  Responses;   B  cell  Specificity  to 
Thymus  Independent  Antigens 
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Objectives; 


1.  To  determine  whether  Immune  responses  to  thymus  independent  antigens 
are  as  diverse  with  regard  to  specificity  as  they  are  in  response  to  thymus 
dependent  antigens. 

2.  To  determine  whether  pre-existing,  spontaneous,  backgro-und  plaque- 
forming  cell  activity  is  as  diverse  in  athymic  mice  as  are  corresponding 
activities  in  intact  mice. 


3.  To  determine  optimal  levels  of  hapten  derivatization  and  dose 
thymus  independent  antigens. 


for 


k.     To  ascertain  whether  immunization  with  a  thymus  independent  antigen 
will  activate  precursor  T  cells  in  athymic  or  T  cell  deficient  animals. 

Methods  Employed; 

Athymic  (nude)  mice  were  obtained,  quarantined,  and  produced  in  the 
specific  pathogen  free  area  of  the  NIH  animal  production  unit.  The  athymic 
mice  and  normal  heterozygous  controls  produced  on  an  outbred  NIH  Swiss 
albino  background  were  utilized  for  studies  of  plaque-forming  cell  production 
following  immunization  with  hapten  derivatized  aminoethylcarbamylmethyl- 
(AECM)-Ficoll.   In  some  experiments  athymic  and  normal  mice  were  compared  in 
their  ability  to  respond  to  haptenated  Ficoll  or  to  thymus  dependent  anti- 
gens such  as  burro  red  cells.   Following  immunization  with  any  given  haptenated 
Ficoll,  EFC  assays  were  regularly  accomplished  with  erythrocytes  derivatized 
with  the  immunizing  hapten  and  with  other  erythrocytes  conjugated  with  a 
panel  of  structurally  related  haptens. 

Major  Findings; 

The  studies  reported  below  were  carried  out  largely  in  the  laboratory 
of  Dr.  Bruce  Merchant  as  a  collaborative  project. 

Spontaneous  background,  hapten-specific  plaque  activity  in  athymic  (nude) 
mice  is  regularly  comparable  to  pre-existing,  spontaneous  activity  in  normal 
heterozygous  controls.  This  indicates  that  the  propensity  to  activation  of 
precursor  B  cells  in  nude  mice  is  comparable  to  that  in  normal  mice  of  similar 
genetic  background. 

Previous  studies  had  demonstrated  that  multiple  populations  of  hapten- 
specific  plaque-forming  cells  arise  in  response  to  immunization  with  a  single 
chemically  defined  haptenic  determinant.   In  most  instances,  the  vast  majority 
of  such  "quasi-specific"  plaque-forming  cells  are  directed  against  structural 
analogs  of  the  immunizing  hapten.   It  was  unclear  whether  this  diversity  in 
the  specificity  of  B  cell  responses  was  attributable  directly  to  an  intrinsic 
characteristic  of  B  cells,  or  whether  it  could  be  due  to  some  extraneous 
effect  of  T  cells  imposed  upon  B  cells  at  the  time  of  their  cooperative  inter- 
action in  response  to  thymus  dependent  antigens.  Employment  of  athymic  mice 
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allowed  elucidation  of  this  question.   Athymic  mice  produced  diverse  immune 
responses  composed  of  multiple  coexisting  popiilations  of  hapten-specif ic 
plaque-forming  cells.   The  extent  of  diversity  and  the  magnitude  of  responses 
observed  in  these  animals  was  very  comparable  to  that  previously  observed  in 
intact  normal  mice  from  a  number  of  inbred  strains.   Furthermore,  the  diver- 
sity of  specific  plaque-forming  cell  responses  found  in  athymic  mice  was 
nearly  the  same  as  that  observed  simultaneously  in  normal,  heterozygous 
controls . 

Both  athymic  and  heterozygous  mice  were  immunized  with  p-azobenzenearson- 
ate-TGG-(A-) ,  p-azobenzenesulfonate-TGG- (S- ) ,  and  p-azophenyl-TGG-(<J)-)  conju- 
gated AECM-Ficoll  at  both  high  and  low  levels  of  derivatization.   In  all 
instances,  the  more  highly  conjugated  preparations  were  more  immunogenic. 
Nearly  equivalent  immune  responses  were  obtained  with  Ai^r-Ficoll,  S5]_-Ficoll 
and  (^Tg-Ficoll.   In  no  instances  were  typical  secondary  immune  responses  ob- 
served following  second  injection  of  any  of  these  antigens.   Dose  response 
studies  demonstrated  that  immune  responsiveness  was  obtainable  between  10 
nanograms  and  100  micrograms.   Optimal  responses  were  normally  obtained  with 
about  10  micrograms  of  antigen.   Even  under  optimal  immunizing  conditions  no 
typical  secondary  plaque-forming  cells  were  seen  in  response  to  Sg-]_-  or 
Ai^^-Ficoll  in  any  of  6  inbred  strains  of  mice.   Resurgence  of  IgM-secreting 
cells  was  regularly  observed.   However,  such  secondary  response  activity 
never  equaled  or  exceeded  the  primary  IgM  response. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  studies  indicate  that  haptenated  Ficoll  antigens  are  extremely 
useful  tools  for  probing  significant  events  that  occur  at  the  surface  of  pre- 
cursor B  cells  and  critical  interactions  that  occur  prior  to  their  activation. 
Preliminary  experiments  indicate  that  they  will  be  helpful  in  studying  speci- 
fic antibody-mediated  suppression  which  abrogates  the  capacity  of  precursor  B 
cells  to  respond  to  administered  antigen.   As  more  knowledge  acciimulates  con- 
cerning their  in_  vivo  catabolism,  this  interesting  class  of  haptenated  immuno- 
gens  may  prove  to  be  instrumental  in  dissecting  significant  interactions  be- 
tween macrophages,  T  cells  and  B  cells. 

Proposed  Course  of  Project: 

Many  interesting  leads  have  turned  up  in  the  work  done  so  far.   Further 
studies  with  haptenated  Ficoll  and  possibly  other  thymus  independent  carriers 
will  follow.   Work  is  in  progress  on  the  question  of  whether  thymus  independ- 
ent antigens  act  strictly  in  the  absence  of  T  cell  function  or  whether  they 
first  induce  an  effective  T  cell  population  from  T  cell  precursors  known  to 
be  present  even  in  athymic  mice.   Preliminary  experiments  suggest  that  the 
former  alternative  may  be  the  case. 

Honors  and  Awards : 


Member  of  the  Board  of  Reviewers  of  Federation  Proceedings.   Invited 
Speaker  at  the  ICN-UCLA  Symposium  on  Molecular  Biology:   The  Immune  System, 
March,  197^,  Squaw  Valley,  California. 
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Publications; 


Appella,  E.  and  Inman,  J.K. :  The  primary  structiire  of  rabbit  and 
mouse  immunoglobiilin  light  chains:   Structural  correlates  of  allo- 
typy.   In:   Contemporary  Topics  in  Molecular  Immunology,  Vol.  #2 
Reisfeld,  R.A.  and  Mandy,  W.J.  (Eds.)  New  York,  N.Y.,  Plenum 
Publishing  Corp.,  pp.  51-77,  1973. 

Inman,  J.K. :   Specific  Adsorption  and  Affinity  Chromatography  of 
Cells.   In:  Mechanisms  of  Cell- Mediated  Tmmunity.  McCluskey,  R.T. 
and  Cohen,  S.  (Eds.)  New  York,  N.Y.  John  Wiley  &  Sons,  pp.  375-38^^-, 
197^. 

Inman,  J.K. :   Multispecif icity  of  the  antibody  combining  region  and 
antibody  diversity.   In:  The  Immune  System:.  Genes ,  Receptors , 
Signals — Proceedings  of  the  197^  ICN-UCLA  Symposium  on  Molecular 
Biology J  Fox.  F.cT  (Ed.)  New  York,  N.Y. ,  Academic  Press,  Inc. 
In  press,  197^. 


Inman,  J.K.:   Covalent  Linkage  of  Functional  Groups,  Ligands,  and 
Proteins  to  Polyacrylamide  Beads.   In:   lyfethods  in  Enzymology  Vol. 
Enzyme  Purification  Part  B;  Affinity  Methods.  Jakoby,  W.B.  and 
Wilchek,  M.  ( Eds ) .  New  York,  ILY. ,  Academic  Press,  Inc.,  in  press, 
197^. 
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Serial  No,   KIA.ID  -   l46 

1.  Laboratory  of  Immunology 

2.  Bethesda,  Maryland 

PHS-KIH 
Individual  Project  Report 
Jul^  1,   1973  -  Jane  30,  197^ 

Chemical  Genetic  and  Immunochemical  Studies  of  Immuno- 
globulins:  Use  of  Genetic  Markers  in  Studies  of  I\ymphoid 
Differentiation  and  the  Regulation  of  Gene  Expression  and 
Immune  Responses 


Previous  Serial  Number;   l46 

Principal  Investigators;  Rose  G.  Mage,  Ph.D.  and  Glendowlyn  0.  Young- 
Cooper,  M.S. 


Other  Investigators: 


Dr.  A.  Ansaxi,  Ll/WIAID 

Dr.  M.  Carta,  LI/nIAID 

Dr.  A.  Drexler,  Ll/WIAID 

Dr.  S.  Carta,  LI/NIAID  and  LCB/WCI 

Dr.  E.  Appella  LCB/NCI 

Dr.  M.  Waxdal,  Ll/WIAID 

Cooperating  Units:   Dr.  S.  Dray,  Chicago,  111.,  Dr.  R.  Cathou,  Boston, 

Mass.,  Dr.  M.  Freedman,  Toronto,  Canada,  Dr.  S.  Tosi, 
Rome,  Italy,  Dr.  A.  Chersi,  Rome,  Italy 

In  addition  to  the  above  investigators,  this  year  the  following  investi- 
gators have  used  rabbits  of  defined  allotype  which  we  have  supplied  and/or 
have  received  specific  reagents  which  we  have  prepared;   Dr.  R.  Asofsky, 
LMI/NIAID,  Dr.  T.  Borsos,  BGY/NCI,  Dr.  M.  Bosma,  Phila.  Pa.,  P.  Berman, 
Hanover,  N.H.,  Dr.  P.  Baker,  LMI/NIAID,  Dr.  D.  Benjamin,  Charlottesville, 
Va.,  Dr.  J.  Cebra,  Baltimore,  Md.,  Dr.  M.  Goldman,  Chicago,  111., 
R.  Goodfleisch,  Madison,  Wise,  Dr.  L.A.  Herzenberg,  Stanford,  Calif., 
Drs.  W.C.  Hanly,  and  K.  Knight,  Chicago,  111.,  Dr.  J.  Kimball,  Msdford, 
Ma.,  Dr.  A.  Lawton,  Birmingham,  Ala.,  Dr.  W.  Mandy,  Austin,  Tex., 
Dr.  W.E.  Paul,  Ll/WIAID,  Dr.  R.  Reisfeld,  LaJolla,  Calif.,  Dr.  B.  Wolf, 
Phila.,  Penn.,  Dr.  J.  Wunderlich,  I-NCI,  Dr.  T.Jo  Yoo,  Iowa  City,  Iowa, 
Dr.  M.  Phillips,  Walter  Reed,  Dr.  P.  Plotz,  A&A/WIAMDD,  Dr.  M.  Potter, 
LCBGY/NCI,  Dr.  C.  Moroz,  Peta  Tikvah,  Israel,  Dr.  E.  Okazaki,  Denver, 
Colo.,  Dr.  S.  Zappacosta,  Naples,  Italy.  We  have  also  typed  oerum 
samples  for  numerous  investigators. 
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Man  Years : 

NIAID 
Lab.  Staff 

Other  NIH 
Personnel 
Assigned 
To  Project 

Guest 
Workers 

TOTAL 

Total 

i|-ll/l2 

6/12 
6/12 

5-5/12 

Professional 

3-11/12 

^-5/12 

Other 

1 

1 

Project  Description 
Objectives: 

• 
• 

To  define  by  combined  immunological  and  chemical  approaches,  the 
chemical  nature  of  structural  differences  between  genetically  controlled 
polymorphic  forms  of  immunoglobulins  and  between  different  classes,  sub- 
classes, types  and  subtypes  of  their  polypeptide  chains.  To  utilize  this 
information  about  the  location  and  chemical  nature  of  the  markers  on  various 
chains  in  performing  and  interpreting  breeding  studies.  To  utilize  defined 
reagents  for  various  chains  and  markers  in  affecting  phenotypic  expression 
of  alleles  or  chain  types.  The  overall  objective  is  to  understand  the 
genetic  mechanisms  which  lead  to  the  synthesis  of  highly  specific  antibody 
molecules  and  the  nature  of  the  genes  which  influence  and  control  immune 
responses. 

Methods  Employed; 

Rabbits  of  known  allotype  are  bred:   to  produce  homozygous  rabbits  of 
all  combinations  at  four  or  more  genetic  loci;  to  produce  heterozygotes  for 
use  in  specific  experiments  and  as  Fl  progeny  in  linkage  studies;  to  produce 
F2  and  backcross  progeny  in  linkage  studies;  to  produce  allotype-suppressed 
rabbits;  and  to  study  the  genetics  of  the  immune  responses  to  pneumococcal 
vaccines,  EWP- protein  conjugates,  and  other  antigens. 

Sera  of  rabbits  from  the  above  categories  are  collected  and  typed  by  gel 
diffusion  and  hemagglutination  techniques  for  allotypes.  The  sera  are  used  as 
sources  of  IgG  and  light  and  heavy  polypeptide  chains  for  chemical  sequence 
studies  and  for  immunizations  of  rabbits  and  other  animals. 

Rabbits  of  defined  allotype  are  immunized  with  IgG,  light  chains  or 
other  antigens  such  as  lysozyme,  pneumococcal  vaccines,  hapt en-protein  con- 
jugates and  (for  idiotype  studies)  purified  antibodies  or  IgG  fractions  and 
subfractions .  Antisera  are  tested  by  qualitative  and  quantitative  immunologic 
and  electrophoretic  techniques. 

Allotypes,  types,  subtypes  and  idiotypes  are  quantitated  by:  radial 
immunodiffusion;  hemagglutination  inhibition;  quantitative  precipitation  of 
iodine  labeled  proteins  with  specific  antisera;  binding  of  labeled  proteins 
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to  immunoabsorbents;  inhibition  of  binding  of  the  labeled  antigens  to         ' 
immunoabsorbents.   Ininm:.oabsorbents  are  also  prepared  and  used  to  purify 
antibodies,  antigens  and  peptides  of  known  specificity. 

Cells  from  newborn  and  developing  normal  and  allotype  suppressed  homo- 
zygous and  heterozygous  rabbits  are  labeled  with  iodinated  or  fluorescein- 
conjugated  anti-allotype  reagents.  They  are  also  cultured  in  vitro  and 
assayed  for  incorporation  of  labeled  amino  acids  or  tritiated  thymidine 
after  exposure  to  a  variety  of  materials  including  mitogens  and  anti-allotype 
reagents. 

Purified  light  and  heavy  chains  or  fragments  of  these  are  obtained  from 
IgG  of  normal  sera  or  specifically  purified  antibodies  of  known  allotype  as 
well  as  from  sera  of  allotype-suppressed  rabbits.  These  are  studied  using 
a  variety  of  methods  for  sequence  determination  including  automated  sequencing. 

In  order  to  carry  out  all  the  studies,  we  breed  and  maintain  large  numbers 
of  rabbits  in  our  own  colonies.  We  produce  and  characterize  large  volumes  of 
antisera  including  anti-allotype  antisera  made  with  a  variety  of  donor  and 
recipient  combinations,  anti-idiotype  antisera,  antibodies  of  restricted 
heterogeneity,  and  other  ant i- immunoglobulin  reagents.  We  purify  normal  and 
antibody  immunoglobulins  from  large  voliomes  of  rabbit  sera  for  use  as 
immunizing  antigens,  for  structural  studies,  and  for  other  studies  des.cribed 
below. 

Major  Findings; 

Peptides  with  a  locus  allotypic  determinants  have  been  prepared 
from  antibodies  of  restricted  heterogeneity  of  al,  a2  and  a3  allotypes  and 
piorified  using  immunoabsorbents  with  purified  anti-allotype  antibodies 
coupled  to  them.  Characterization  of  the  a3  peptide  from  a  heavy  chain  of 
limited  heterogeneity  is  progressing.  We  have  found  that  the  active  peptide 
may  require  a  disulfide  bridge  since  activity  is  lost  upon  reduction  and 
alkylation.   Its  elution  position  from  an  agarose  column  in  5  M  guanidine- 
HCl  indicates  a  MW  of  about  6,000  and  about  3,000  after  reduction.  The 
amino  acid  composition  is  consistent  with  two  peptides  of  about  30  residues 
each,  linked  by  a  disulfide  bridge.  Techniques  for  quantitative  assays  of 
the  active  inhibitory  peptides  are  currently  being  evaluated. 

We  are  investigating  in  a  similar  manner,  the  structures  on  light 
polypeptide  chains  responsible  for  the  characteristic  serologically 
detectable  b-locus  antigenic  determinants.   Peptides  obtained  by  tryptic 
digestion  of  citraconylated  b4  light  chains  of  highly  limited  hetero- 
geneity inhibit  the  precipitation  of  bk   light  chains  with  anti-b4  antiserum. 
A  quantitative  assay  of  inhibitory  activity  has  been  developed  for  measuring 
the  inhibition  of  precipitation  of  125i  labeled  hh   light  chains  by  anti-b^; 
antiserum.   Preliminary  results  indicate  that  the  peptides  have  high  affinity 
for  the  antibody,  and  can  inhibit  light  chains  when  mixed  in  approximately 
equimolar  quantities.   Since  the  antibodies  are  raised  by  immunization  with 
whole  IgG,  we  will  be  evaluating  the  conformation  of  b4  determinants  on 
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free  light  chains,  vs„  IgG  vs.  smaller  peptides.   Immunoabsorbents  with 
specifically  purified  anti-bi+  antibodies  coupled  to  them  are  being  used 
for  further  purification  and  characterization  of  peptides  with  hk   deter- 
minants . 

Light  chains  of  lambda  type  were  isolated  from  the  sera  of  rabbits 
totally  suppressed  for  expression  of  b5  kappa  type  by  neonatal  exposure 
to  anti-b5  antisera.  The  light  chains  have  considerable  chemical  homology 
with  myeloma  lambda  chains  of  man  and  mouse.  The  five  half-cysteine- 
containing  peptides  were  isolated  and  shown  to  have  amino  acid  sequence 
homologies  with  known  structures  of  lambda  chains  in  other  species.  A 
number  of  variants  of  the  V-region  peptide  including  cysteine  90  were 
found,  and  a  partial  sequence  of  one  of  these  was  determined.   It  was  noted 
that  the  c7  and  c21  allotypes  are  probably  not  due  to  amino  acid  sub- 
stitutions in  the  cysteine  peptides  of  the  constant  region,  since  no 
variants  were  found. 

An  anti-SIII  antibody  of  highly  restricted  heterogeneity  was  isolated 
and  found  to  give  three  closely  spaced  bands  on  isoelectric  focusing. 
Surprisingly,  these  components  could  be  separated  preparatively  by  ion 
exchange  chromatography  on  DEAE  Sephadex.  The  light  and  heavy  chains  of 
each  component  were  separated  and  amino  acid  analyses  were  done.  The 
light  chains  appear  to  be  identical,  and  the  W-terminal  amino  acid  sequence 
is  indicative  of  homogeneity.  The  heavy  chains,  however,  may  have  sequence 
differences.  These  are  being  evaluated  by  production  of  CNBr  fragments  of 
the  heavy  chains  and  structural  studies  of  them.  IgG  and  Fab  fragments  of 
each  component  have  also  been  examined  by  circular  dichrolsm.  The  CD 
spectra  of  the  three  components  and  of  the  Fab  fragments  of  each  component 
are  indistinguishable. 

Immunoglobulins  in  partially  restricted  or  restricted  antisera  to  type 
III  or  type  VIII  polysaccharides  were  fractionated  by  preparative  isoelectric 
focusing  at  various  pH  ranges.  A  number  of  fractions  with  significantly- 
different  isoelectric  points  were  obtained  from  each  antiserum.  After 
complete  reduction  and  alkylation,  the  light  and  heavy  polypeptide  chains  of 
the  focused  fractions  were  examined  by  disc  electrophoresis  and  by  isoelectric 
focusing.  A  number  of  fractions  were  obtained  which  yielded  single  light 
chains,  often  with  different  electrophoretic  mobilities.  The  method  was 
shown  to  provide  fractions  of  very  limited  heterogeneity  from  a  single 
antiserum.  The  expression  of  allelic  forms  of  immunoglobulin  during 
immunization  of  heterozygous  rabbits  with  pneumococcal  vaccines  was  monitored 
using  anti-allotype  antisera  specific  for  different  forms  of  kappa  chains 
(b- locus  markers).  We  also  used  the  a- locus  markers  which  are  very  likely 
associated  with  the  variable  portions  of  heavy  chains,  and  idiotypic  deter- 
minants associated  with  a  restricted  subpopulation  of  the  anti-polysacchajride 
antibodies  of  an  individual  rabbit.  Fractions  obtained  by  prepajrative 
liquid  isoelectric  focusing  were  enriched  for  one  a  and/or  b  locus  allotype. 
Enrichment  of  a  specific  idiotype  from  about  11^  in  the  starting  serum  to 
as  high  as  65^  in  a  focused  fraction  was  also  obtained. 
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In  b  b  rabbits  recovering  from  b5  allotype  suppression,  there  are 
relatively  normal  numbers  of  peripheral  blood  lymphocytes  with  endogenously 
synthesized  b5  immunoglobulin  on  their  membrane,  but  markedly  and 
disproportionately  low  levels  of  circulating  b5  immunoglobulin.  The  capacity 
of  peripheral  blood  cells  from  these  animals  to  transform  into  blast  cells 
and  synthesize  UNA  in  response  to  anti-b5  antisera  or  pokeweed  mitogen  in 
vitro  was  markedly  subnormal.  The  b5  bearing  lymphocytes  in  rabbits  re- 
covering from  allotype  suppression  may  be  unable  to  give  rise  to  b5  secreting 
cells  due  to  a  functional  block  of  the  activation  and/or  maturation  of  these 
precursor  cells. 


Allotype  suppression  by  maternal  antibody  can  be  reversed  either  by 
foster  nursing  or  by  intraperitoneal  injections  of  seriim  with  paternal 
allotype.   The  phenomenon  occurs  with  allotypes  of  both  the  a  and  b  loci. 
We  have  previously  shown  that  in  doubly  heterozygous  rabbits,  the  proportion 
of  a- locus  (Vjj)  allotype  expressed  dictates  the  proportion  of  genetically 
linked  Cj   marker.   If  the  proportion  of  paternal  a- locus  allotype  is 
suppressed  by  exposure  to  antibody  to  the  father's  allotype  in  neonatal  life, 
the  genetically  linked  Cy   allotype  is  also  suppressed.   We  have  been  con- 
ducting the  reverse  of  this  experiment  to  see  if  neonatal  exposure  to  anti- 
body to  a  constant  region  marker  will  suppress  its  expression,  and  if  so 
whether  the  linked  variable  region  marker  will  be  affected.   In  the  first 
three  litters  we  have  examined,  it  is  clear  that  no  chronic  allotype 
suppression  was  established.   We  have  developed  methods  for  quantitating  the 
Cy   markers  AlU  and  AI5  in  whole  sera,  and  have  shown  that  the  adult  levels 
in  animals  exposed  to  maternal  antibody  to  the  paternal  type,  or  repeatedly 
injected  after  birth,  are  indistinguishable  from  normally  expressed  levels. 
Two  additional  litter  are  now  under  study  in  whi: h  the  mother  was  making 
antibody  to  two  different  C^  markers  (All  and  AI5)  simultaneously.  We  hoped 
that  this  might  provide  a  more  potent  suppressive  reagent.   It  appears  that 
there  may  be  some  effect  upon  expression  of  the  paternal  type  in  these 
animals . 


We  have  continued  to  conduct  breeding  experiments  designed  to  detect 
recombination  between  linked  markers  for  the  Vjj  and  C^  regions  of  rabbit 
heavy  chains,  but  have  observed  no  additional  recombinants.  Additional 
studies  of  the  single  recombination  event  we  have  previously  documented  are 
in  progress.   Specifically,  in  collaboration  with  Drs.  Hanly  and  Knight, 
the  allotypes  on  two  subclasses  of  rabbit  IgA  present  in  the  family  of  the 
recombinant  rabbit  are  being  defined.  This  required  production  of  new, 
previously  undescribed  reagents.  We  expect  that  we  shall  soon  be  able  to 
distinguish  the  IgA  from  the  maternal  and  paternal  chromosomes  which  were 
passed  to  the  recombinant  animal,  and  by  analysis  of  its  progeny,  determine 
whether  or  not  the  recombination  also  involved  the  establishment  of  a  new 
linkage  relationship  between  Vjj  and  Cq;  genes. 
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Significance  to  Biomedical  Research  and  the  Erogram  of  the  Institute; 

These  studies  help  to  define  the  genetic  mechanisms  which  lead  to  the 
synthesis  of  highly  specific  antibody  molecules  and  the  nature  of  the  genes 
which  influence  and  control  immune  responses.  Allotypic  markers  are 
valuable  for  the  study  of  cell  surface  receptors  and  the  role  they  play  in 
the  differentiation  of  antibody  producing  cells.  Our  studies  also  help 
delineate  the  chemical  basis  for  the  specificity  of  protein  antigens  and 
antibodies,  the  nature  of  structural  and  regulatory  genes  for  immunoglobulins, 
and  the  complexities  of  mammalian  genetic  systems.  The  breeding  studies  and 
cellular  studies  which  can  be  done  with  rabbits  provide  information  applicable 
to  the  homologous  human  immunoglobulin  system.   In  addition,  the  rabbit 
allotypes  are  analogous  in  many  respects  to  cellular  isoantigens  involved  in 
transplantation,  cell-cell  recognition  systems,  tumsr  antigens  and  other 
cell  surface  markers.  An  understanding  of  the  chemical  nature  of  these 
antigenic  types,  the  factors  which  control  their  genetic  expression,  and 
their  biological  roles  is  thus  of  broad  fundamental  interest. 

Proposed  Course  of  Project; 

We  are  continuing  most  of  the  studies  described.  Recent  emphasis  has 
been  on  the  chemical  and  genetic  studies.  We  are  re-initiating  some  cellular 
studies  at  the  present  time.  In  particular  we  are  interested  in  further 
evaluation  of  the  ontogeny  of  B  lymphocytes  in  the  rabbit,  and  studies  of  the 
mechanism  of  allotype-suppression  utilizing  _in  vitro  culture  methods. 

Honors  and  Awards ; 

Instructor;   "Immunogenetics"  NIH  tutorial  Seminar.  Member  editorial 
boards  of  Immunochemistry  and  Federation  Proceedings  and  Allergy  and 
Immunology  Study  Section.   Invited  Lecturer;   Society  of  General 
Physiologists  Symposium  "Cellular  Selection  and  Regulation  in  the 
Immune  Response",  Woods  Hole,  Ma.   FASEB  Conference  on  "Biology  of 
Development  and  Aging"-Symposium  on  "Gene  Regulation  in  Differentiation 
and  Development" .   Invited  Workshop  Chairman:   Genetics  and  phenotypic 
expression  of  variable  regions,  Squaw  Valley,  Calif.  Invited 
Discussant;   Brooke  Lodge,  Mich.,  Conference  on  "Immunological  Tolerance 
Mechanisms  and  Potential  Therapeutic  Applications." 

Publications; 

Pincus,  J.H.,  Mage,  R.G.,  Alexander,  C.  and  Chase,  N.M. ;  Familial 
incidence  of  structurally  restricted  antibodies  to  pneumococcal  poly- 
saccharides. Europ.  J.  Immunol.  3:  ^35-^^1^  1973» 

Reynolds,  H.,  Carta- Sorcini,  M.  and  Mage,  R.G. ;  The  immunoglobulins 
derived  from  a  Vh-Ch  recombinant  rabbit  and  its  normal  relatives. 
I.  Ifeasurements  of  heavy  chain  molecular  weights  and  allotypes  of 
colostral  IgA„  Immunochem.  10;  443-447,  1973. 
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Carta- Sore inl,  M.,  Appella,  E.,  Inman,  J.K.  and  Mage,  R.:   The 
Immtmoglobulins  derived  from  a  Vjj-Ch  recombinant  rabbit  and  its  normal 
relatives.   II.   Chemical  studies  of  allotype  related  differences  in  Fd 
and  Fc  fragments.  Immimochemo  10:  ^^9-^53*  1973* 

Eby,  W.C.,  Kim,  B.So,  Dray,  S.,  Young-Cooper,  G.O.  and  Mage,  R.G. : 
Detection  of  the  elk   and  el5  rabbit  allotypic  specificities  by  immuno- 
diffusion in  PEG  agar.  ImmuBochem.  10:  4l7-4l8,  1973 ■> 

Werblin,  T.P.,  Kim,  Y.T.,  lyiage,  R.,  Benacerraf,  B.  and  Siskind,  G.W. : 
The  generation  of  antibody  diversity.   I.   Studies  of  the  population 
distribution  of  anti-DNP  antibody  affinities  and  on  the  influence  of 
allotype  on  antibody  affinity  and  concentration.   Immunol.  25:  17-32,  1973. 

Werblin,  T.P.,  Kim,  Y.T.,  Mage,  R.,  Benacerraf,  B.  and  Siskind,  G.W. : 
The  generation  of  antibody  diversity.   II.  Genetic  influence  on  the 
binding  of  anti-hapten  antibody.   Immunol.   In  press,  1973- 

Elfenbein,  G.J.,  Harrison,  M.R.  and  Mage,  R.G. :   Demonstration  of 
proliferation  by  guinea  pig  and  rabbit  bone  marrow  derived  lymphocytes 
in  vitro  in  response  to  stimulation  by  anti-immunoglobulin  antisera. 
J.  Immunol.  110: 13^10- I3H,  1973. 

Mage,  R.:   Rabbit  allotypes  and  the  genetics  of  variable  and  constant 
regions  of  immunoglobulin  heavy  chains.  Vox  Sanguinis.   In  press,  1973* 

Mage,  R.,  Lieberman,  R.,  Potter,  M.  and  Terry,  W.D. :  Immunoglobulin 
allotypes.  In:  Sela,  M.  Ed.  The  Antigens  Academic  Press,  New  York, 
pp.  299-376,  1973. 

Mage,  R.G. :  Altered  quantitative  expression  of  immunoglobulin  allo- 
types in  rabbits.  In:  Jerne,  N.  Ed.,  Current  Topics  in  Microbiology 
and  Immunology  Springer-Verlag,  Heidelberg,  pp.  I3I-I52,  1974. 

Harrison,  M.R.,  Jones,  P.P.  and  fege,  R.G. :  Endogenous  synthesis  of 
membrane  b5  by  lymphocytes  from  rabbits  recovering  from  b5  allotype 
suppression.   J.  Immunol.  Ill:  I595-I597,  I973. 

Harrison,  MoR.  and  Mage,  R.G. :  Allotype  suppression  in  the  rabbit. 
I.  Ontogeny  of  cells  bearing  immunoglobulin  of  paternal  allotype  and 
the  fate  of  these  cells  after  treatment  with  anti-allotype  antisera. 
J.  Exp.  Med.  138:  764-77U,  1973. 

Mage,  R.G. ,  Carta-Sorcini,  M.  and  Appella,  E.:   Peptides  with  a  locus 
allotypic  determinants.  Ann.  Immunol,  (inst.  Pasteur)  125C,  97-98,  1974. 

Mage,  R.G. ,  Young-Cooper,  G.O.  and  Harrison,  M.R.:   Rabbit  allotypes — 
Tools  for  the  examination  cf  gene  expression  in  lymphoid  differentiation. 
In  Edelman,  G.M.  Ed.  Cellular  Selection  and  Regulation  in  the  ImmxHie 
Response.  Raven  Press,  N.Y.,  pp.  71-82,  1974. 


« 


I 


60 


"^         T  Vj 


Serial  Wo.  NIAID  -  1^4.6 

Yoiing-Cooper,  G.O.  and  Mage,  R.G. :  Neutralization  of  Allotype  Suppression 
in  rabbits.   Immunol.  26:  809-8II,  197^. 

Appella,  E.,  Chersi,  A.,  Rejnek,  J.,  Reisfeld,  R.  and  Mage,  R.:   Rabbit 
immunoglobulin  lambda  chains.   Isolation  and  amino  acid  sequence  of 
systeine-containing  peptides.  Immunochem.  In  press,  1974. 

Harrison,  M.R.,  ElTenbein,  G.J.  and  Mage,  R.G. :   Defective  activation  of 
b5  bearing  lymphocytes  in  rabbits  recovering  from  b5  allotype  suppression. 
Cellular  Immunol.  11:  23I-238,  1974. 

Mage,  R.G.:   Nonnal  and  altered  phenotypic  expression  of  immunoglobulin 
genes.  Fed.  Proc.  In  press,  1974 » 

Preedman,  M.H.,  Pincus,  J.H.,  Yeger,  H.,  McKenney,  J.A.  and  Mage,  R.G.: 
Studies  of  hyperimmune  restricted  and  partially  restricted  anti-pneumo- 
coccal  polysaccharide  antibodies  from  allotype-def ined  pedigreed  rabbits. 
I.  Preparative  liquid  isoelectric  focusing  of  the  antibodies  and 
characterization  of  the  isolated  fractions  by  electrophoretic  techniques. 
Eur.  J.  Tmmunol.   In  press. 

Mage,  R.G.,  Pincus,  J.H.,  Alexander,  C.  and  Rreedman,  M.H.:   II.  Allo- 
types and  Idiotypes  in  Sera  and  Electrofocused  Fractions.  Eur.  J. 
Tmmunol.  In  press. 
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Project  Subtitle  I:   Study  of  Immunoglobulin  Determinants  in  Mice  with  Homol- 
ogous Antisera  to  Determine  Genetic  Control  of  the 
Structure  of  Immunoglobulin  Molecules 

Project  Description: 

Objectives : 

1.   To  prepare  homologous  anti-allotypic  and  idiotypic  (myeloma- spec- 
ific) antisera  highly  specific  for  determinants  on  various  parts  of  the 
different  chains  of  mouse  immunoglobulin  molecules . 
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2.  To  study  genetic  control  of  immunoglobulin  determinants. 

3.  To  use  genetically  controlled  immunoglobulin  markers  in  studies 
of  antibody  synthesis. 

h.      To  determine  if  identical  molecules,  based  on  biologic  activity 
and  identification  of  Fab  determinants,  can  be  found  in  myeloma  proteins  from 
independently  induced  plasma  cell  tiomors. 

Methods  Employed: 

1.  Preparation  of  immunoglobulin  immunogens  (Fc ,  Fab  and  light 
chains)  from  normal  and  plasma  cell  tumor  bearing  inbred  mice. 

2.  Immunization  of  inbred  strains  of  mice  with  specific  normal  or 
myeloma  immunoglobulin  molecules  or  fragments  of  immunoglobulin  molecules 

(chains  ) . 

3.  Identification  of  immunoglobulin  determinants  vith  homologous 
antisera  using  Immunoelectrophoresis,  Oudin  and  Ouchterlony  gel  diffusion 
methods,  radioisotope  tagging,  precipitin  inhibition  method,  hemagglutina- 
tion inhibition  techniques  and  immunoabsorbents . 

h.      Selective  breeding  of  mice  to  determine  linkage,  allelism,  inde- 
pendent assortment  and  crossover  of  genes.   Production  of  coisogenic  strains 
to  propagate  and  isolate  genetic  markers  in  a  known  genetic  environment. 
Chromosome  mapping  of  genetic  markers  of  immunoglobulin  determinants  with 
other  genetic  markers  as  coat  color,  etc.,  to  facilitate  easy  identification 
of  immujaoglobulin  genetic  markers  and  also  to  determine  the  location  on  the 
chromosomes  of  genes  controlling  specific  immunoglobulin  determinants. 

5.   Development  of  techniques  employing  immunoglobulin  determinants  as 
genetic  markers  in  problems  of  transplantation,  histocompatibility,  transfu- 
sion reactions,  immunization  and  antibody  synthesis. 

Ma.jor  Findings: 

Heavy  chain  constant  region  (C  )  determinants  have  been  identified  on 
Y  ,  Y   ,  y  and  yA  myeloma  proteins  of  EALB/c  origin  and  a  yA  and  y^^  mye- 

loma protein  of  C5TBL  origin  (CB20).  No  determinants  have  been  identliied  on 
yM  or  yG3  myeloma  proteins.  All  the  C  antigenic  determinants  are  controlled 
by  closely  linked  genes.  Twelve  heavy  chain  antigenic  groups  have  been  iden- 
tified; nine  in  inbred  strains  and  three  in  wild  mice. 

In  addition  to  C  antigenic  specificities,  antigenic  determinants 
present  in  other  regions  of  the  molecule,  namely,  the  Fab  or  heavy  chain 
variable  (V  )  and  possibly  the  light  chain  constant  (C^)  regions  have  also 
been  identified.   Homologous  antisera  prepared  with  specific  myeloma  proteins 
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usually  only  identify  the  idiotypic  determinants  present  on  the  Fab  region  of 
that  myeloma  protein  used  to  prepare  the  antiserum.   Occasionally  cross  re- 
actions between  idiotypes  present  on  different  myeloma  proteins  have  been 
observed.   This  has  been  true  of  several  different  IgA  myeloma  proteins  that 
bind  phosphorylcholine.   Other  myeloma  proteins  that  have  the  same  or  similar 
antibody  activities  are  also  being  investigated  for  shared  idiotypic  speci- 
ficities.  Many  myeloma  proteins  have  been  found  to  have  anti-levan  activity. 
Homologous  antisera  are  presently  being  prepared  to  the  idiotypic  determi- 
nants of  these  proteins.   In  addition  to  myeloma  proteins  with  known  antibody 
activity  (anti-phosphorylcholine)  that  share  the  same  idiotype  and  appear  to 
be  structurally  similar  or  identical,  other  myeloma  proteins  (HOPCl  and  JJ^'+H) 
have  been  found  that  share  cross  reacting  idiotypes  that  are  not  completely 
identical.   Homologous  antisera  prepared  to  these  specificities  indicate  that 
only  one  of  two  determinants  present  on  the  Fab  of  HOPCl  myeloma  protein  is 
shared  by  the  S5^^^  myeloma  proteins. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

It  is  difficult  to  study  the  genetic  control  of  the  diversity  of  anti- 
body using  normal  antibodies  since  these  are  mixtiires  of  many  types  of  mole- 
cules.  Myeloma  proteins  are  pure  molecular  forms  of  immunoglobulins  and 
these  can  be  obtained  by  experimentally  inducing  plasma  cell  tumors  in  some 
strains  of  genetically  defined  inbred  mice.   In  addition,  many  of  these  pro- 
teins have  been  found  to  have  antibody  activity.   Immunoglobulin  determinants 
on  both  the  common  and  variable  regions  of  the  heavy  chains  as  well  as  con- 
formational determinants  involved  in  the  antibody  site  provide  tools  to  study 
the  generic  control  of  the  variability  of  antibodies.   The  finding  of  5  iden- 
tical myeloma  proteins  appears  to  indicate  repetition  of  genetic  mechanisms 
that  control  diversity  of  antibody  production. 

Project  Subtitle  II:   Genetics  of  V-Regions 

Project  Description: 

Objectives : 


Identify  and  map  as  many  genes  controlling  immunoglobulin  variable 
regions  ( IgV  genes)  as  possible  in  order  to  determine  the  frequency  of  recom- 
bination between  various  structural  genes  for  antigen-binding  sites  of 
immunoglobulin  and  between  these  genes  and  genes  controlling  constant  region 
structures . 


Methods  Employed : 

Fab  idiotype  determinants  present  on  myeloma  proteins  of  BALB/c 
origin  are  serologically  identified  by  homologous  antisera.   Some  of  the 
myeloma  proteins  have  been  determined  to  have  antibody  activity  including 
a  substantial  number  which  bind  phosphorylcholine.   The  idiotype  found  on 
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the  Fab  of  a  phosphorylcholine  binding  IgA  myeloma  protein,  TECP  15  (TI5), 
was  found  to  be  present  in  normal  serum  of  BALB/c.  A  survey  of  inbred, 
congenic  and  recombinant  strains  for  the  presence  or  absence  of  the  TI5 
idiotype  in  their  sera  was  done.  In  addition,  normal  sera  of  inbred  strains 
were  absorbed  with  phosphorylcholine  conjugated  to  Sepharose  beads  to  deter- 
mine if  molecules  carrying  the  TI5  idiotype  could  be  removed. 

Cross-reacting  idiotypic  determinants  present  on  myeloma  proteins  whose 
antibody  activity  has  not  yet  been  characterized  have  also  been  serologically 
identified  with  homologous  antiserum.  A  cross-reacting  idiotypic  specificity 
has  been  found  on  two  72a  myeloma  proteins  (HO PC  1  (Hi)  and  35444)  which  have 
\1  light  chains.  Antisera  prepared  in  SJL/j  mice  separately  to  these  two 
different  BALB/c  ■y2a.\   myeloma  proteins  identified  allotypic  specificities 
(72a-Fc),  idiotypic  specificities  (unique  for  each  immunizing  protein)  and 
cross-reacting  idiotypic  specificities  (foimd  on  both  72a  myeloma  proteins). 

The  antisera  made  specific  for  the  cross-reacting  idiotype  by  absorption 
with  a  72a,  K  nQ^eloma  protein  were  then  reacted  with  the  non- immunizing  cross- 
reacting  72a?i  HQreloma  protein  coupled  to  sheep  red  blood  cells  (SRBC)  in  the 
hemagglutination  inhibition  system  using  normal  BALB/c  serum  as  the  inhibitor. 

Major  Findings: 

The  TI5  idiotype  is  absent  in  germ-free  BALB/c  but  appears  when  the  mice 
are  conventionalized.  A  survey  of  normal  sera  of  inbred  strains  for  the  TI5 
idiotype  showed  it  to  be  present  in  BALB/c,  129,  C5TL,  C58  and  ST  and  absent 
or  in  low  levels  in  CBA,  C3H,  C5TBL/6,  C57BL/ka,  C5TBL/10,  SJL,  B10.D2,  DBA/2, 
RIII,  A,  AL,  AKR,  NAB  and  NH  inbred  strains  of  mice.  The  TI5  idiotype  is 
associated  with  some  but  not  all  strains  carrying  the  IgCj^  allotypes  found 
in  BALB/c.  Linkage  of  genes  controlling  the  TI5  idiotype  in  normal  serum  to 
the  IgCu  locus  of  BALB/c  was  demonstrated  in  F2  progeny  of  a  BALB/c  and  C57BL 
cross  in  Bailey's  recombinant  inbred  strains  (CxBD,  CxBE,  CxBH,  CxBI,  CxBJ, 
CxBK)  and  in  CB20  congenic  strains.  Among  these  strains,  only  those  possessing 
the  IgCn  locus  of  BALB/c  including  the  F2  progeny  consisting  of  BAEB/c  homo- 
cygotes  and  BALB/c/C57BL  he tero zygotes,  and  the  CxBG  and  CxBJ  recombinants 
showed  the  TI5  idiotype. 

The  HI-S5444  idiotype  has  also  been  found  in  normal  serum  of  some  inbred 
strains  while  absent  in  others.  The  distribution  pattern  of  the  HI-S5444  idio- 
typic marker  differs  from  that  of  TI5.  Normal  BALB/c  serum  had  an  inhibitory 
titer  equivalent  to  that  of  38  to  75  f^g/ml  of  HO  PCI  or  S^kkk.     A   survey  for 
the  HOPCI-S5444  idiotype  in  normal  serum  from  other  inbred  and  hybrid  strains 
was  made.  Three  phenotypes,  high  (log  2  mean  titer  6-8),  intermediate  (log 
2  mean  titer  1-3)  and  low  (log  2  mean  titer  <  l)  were  found.  In  the  high 
phenotype  were  BALB/c  and  the  Bailey  RI  strains  CxBG  and  CxBJ;  in  the  inter- 
mediate group  were  CBA,  RF,  DBA/1,  I,  A  and  AKR,  and  in  the  low  group  were 
BRSUNT,  C57BL/10,  C57BL/6,  LP,  RIII,  NZB,  CE,  BABl4,  CB20,  CxBD,  CxBE,  CxBH, 
CxBI  and  CxBK.  The  cross-reacting  HOPCl  -  S5444  idiotype  was  associated 
with  some  but  not  all  the  strains  in  three  IgCjj  (allotype)  groups  (a-L,  a^ 
and  a^)  indicating  an  unusual  strain  distribution  of  this  phenotype. 
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The  presence  of  the  high  HOPC1-S5444  idiotype  in  the  Bailey  CxBG  and 
CxBJ  strains,  which  are  of  a-'-  allotype  and  the  low  level  in  the  congenic 
CB20  and  BABlU,  which  are  of  a^  allotype  and  in  all  of  the  Bailey  RI  strains 
of  a^  allotype  strongly  suggests  linkage  of  the  genes  controlling  the  HOPCl- 
S5^^^  idiotype  to  the  IgCjj  gene  complex.  Accordingly,  the  sera  of  (bA.LB/c  X 
C57BL/6)F2_  X  BA.LB/c  progeny  were  examined  for  the  presence  of  HOPC1-S5U44 
idiotype.   39  homozygous  a^a^  (allotype  of  C57BL/6)  lacked  the  idiotype 
while  39  a-^a^  progeny  (heterozygous  for  BA.IiB/c  and  C57BL/6  allotype)  had 
Intermediate  levels  of  idiotype.  This  result  further  supports  the  linkage 
of  the  genes  controlling  the  H0PC1-S5444  idiotype  and  the  IgCjj  allotypic 
specificities,  although  it  suggests  incomplete  penetrance  of  the  trait  in 
heterozygotes . 

Anti-HOPCl-S54^4  idiotype  antisera  were  partially  inhibited  by  other 
A.-type  myeloma  proteins  including  a  |j.  A.]_  (^DPC  lO^l-E),  an  CCXj^   (J558)  and 
a  \i   Bence- Jones  protein  (RPC-20)  but  not  by  an  0X2  (M3PC  315).  Further 
investigation  of  the  X-related  specificity  is  underway. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  identification  of  genes  controlling  immunoglobulin  variable  region 
determinants  permits  studies  of  mechanisms  of  antibody  diversity  and  forma- 
tion of  antibody  molecules « 


Project  Subtitle  III; 


Clonal  Nature  of  the  Immune  Response  to  Phosphoryl 
Choline;   Idiotypic  Specificity  and  Binding 
Characteristics  of  Anti-Phosphorylcholine  Antibodies 


Project  Description; 


1 

\  . 
I 
I 
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Objectives; 

Idiotypic  specificity  and  binding  characteristics  of  normal  antl- 
phosphorylcholine  (PC)  antibodies  was  studied  at  the  level  of  the  antibody- 
producing  cell  (PFC)  and  compared  to  those  exhibited  by  four  different  PC- 
binding  ayeloma  proteins,  H0PC8,  MCPC603,  MDPC  I67  and  mFC^ll   each  of  which 
possesses  a  distinct  idiotype  which  do  not  specifically  cross-react  with  one 
another  and  also  have  different  binding  affinities  for  PC  glyceryl  phos- 
phorylcholine  (GPC)  and  choline  (C). 


J-*l 


Methods  Employed; 

BALB/c  and  A/j  mice  were  immunized  with  10°  D.  pneumonae  organisms 
(R36)  and  characteristics  of  the  PC  specific  binding  cell(ABC),  and  plaque- 
forming  cell  (PFC)  responses  were  assessed  by  inhibition  of  binding  and 
lysis  by  PC  and  its  analogies  by  a  antiserum  specific  for  Idiotypes  of  h 
different  PC-binding  BALB/c  myeloma  proteins  (h8,  M603,  M51I  and  MI67). 
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Major  Findings; 


The  anti-PC  antibody  was  solely  of  the  IgM  class.  MLB/c  and  A/j  but 
not  CBA.  showed  a  restriction  in  the  affinity  heterogeneity  of  the  antibody 
they  produced.  BALB/c  and  A  ant i- PC  antibody  bound  H8  similarly  but  only 
BALB/c  carried  the  TI5  idiotype  present  on  TI5  myeloma  protein o  These 
results  are  in  accordance  with  those  previously  shown  that  PC  receptors  on 
cells  show  the  same  class  specificity  and  idiotjrpes  as  the  secreted  anti-PC 
antibody.  The  present  data  suggest  a  direct  link  between  secreted  anti-PC 
antibody  and  PC  receptors  on  antigen  binding  cells. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

These  experiments  provide  a  model  system  throiogh  which  the  relation- 
ship of  receptors  on  precursors  of  antibody  secreting  cells  and  of  the 
secreted  products  of  their  descendents  can  be  clearly  analyzed. 


Project  Subtitle  IV; 


Identification  of  Genetic  Markers  in  BALB/c  I^eloma 
CeU.  Lines  Treated  with  Mitogenic  Agents 


Project  Description; 

Objectives; 

Separate  cell  lines  of  MPCll,  a  y^b  producing  myeloma  line,  were  treated 
with  various  mitogens  and  were  then  examined  for  the  idiotypic  and  allotypic 
markers  on  the  immunoglobulin  they  produced.  Some  cell  lines  exhibited  a 
switch  in  the  class  of  immunoglobulin  being  produced  from  y^   to  72^*  0"^ 
goal  was  to  correlate  structural  and  serologic  information  in  the  study  of 
idiotypic  and  allotypic  markers  expressed  by  mitogen-treated  cell  lines  of 
MPCll  myeloma  tumor. 

Methods  Employed; 

Homologous  antisera  was  prepared  to  the  MPCll  protein  obtained  from 
ascitie  fluid  of  tumor  bearing  mice.  Antisera  were  made  specific  to  either 
the  MPCll  idiotype  or  to  the  h9^11^22  allotypic  determinants.  These  anti- 
sera were  employed  to  examine  the  secreted  immunoglobulins  from  various 
MPCll  mitogenic  cell  lines.  In  addition,  other  homologous  antisera  that 
were  used  to  determine  allotypic  determinants  of  the  72a  class. 

Major  Findings; 

Some  cell  lines  treated  with  mitogens  no  longer  produced  detectable 
amounts  of  allotypic  determinants;  in  others  production  to  both  allotypic 
and  idiotypic  determinants  appeared  to  cease.  One  of  the  cell  lines  tgat 
appeared  to  switch  from  72b  to  72a  class  carried  the  allotypic  (y-)   f^f 
determinants  of  the  72a  class  while  still  retaining  the  original  MPCll 
wild  type  idiotype.  In  addition,  some  cell  lines  in  which  the  COOH  region 
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cf  their  Ig  was  lost  appeared  to  lose  the  h9>11*22  allotjrpic  determinants. 
Sequence  studies  are  presently  underway  to  correlate  serologic  results  with 
structural  findings. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

These  studies  may  give  us  some  insight  into  the  ontogeny  of  immuno- 
globulin structure  and  genetic  control. 

Project  Subtitle  V;  Role  of  Regulatory  Genes  in  the  Expression  of  Vg  and 

Cjj  Immunoglobulin  Phenotypes 

Project  Description: 

Objectives; 

1.  To  relate  the  generation  of  antibody  diversity  to  the  inheritance 
of  an  altered  library  of  Ig  genes. 

2.  To  test  the  hypothesis  that  differentiation  of  stem  cells  into 
Ig-bearing  precursor  cells  is  under  the  control  of  thymus-dependent  regulator 
genes . 

3.  To  determine  the  kind  of  variant  Ig  molecules  that  may  derive  from 
monoclonal  proliferation  of  Ig- producing  cells. 

Methods  Employed; 

Mice  congenic  to  BA.LB/c  except  for  the  immunoglobulin  genes  of  the 
C57BL  allotype  were  used  as  the  biologic  material  for  these  studies.  A 
different  number  of  backcrosses  to  BA-LB/c  preceded  the  derivation  of  such 
congenic  strains  (CB-17,  CB-23  and  CB-26)  before  they  were  made  homozygous 
for  the  C57BL  allotype «  As  a  results  of  genetic  recombination,  we  would  ex- 
pect the  C57BL  chromosomes  to  acquire  many  BALB/c  genes  including  BALB/c  Ig 
genes.  Thus  the  hypotheses  we  tested  was:   l)  will  continued  backcrosses 
result  in  diminished  C57BL  Ig  genes  on  the  C57BL  chromosomes  at  the  expense 
of  an  increasing  number  of  nontranscribed  BALB/c  recombinant  genes.   2)  Is 
the  lack  of  expression  of  the  BALB/c  gene  due  to  the  absence  of  specific 
regulator  genes  that  may  be  under  tliymus  control?  3)  Does  the  breeding  of 
congenic  CB  strains  select  against  the  acquisition  of  BALB/c  regulator  genes? 

We  will  attempt  to  show  such  gene  differences  by  testing  the  immuno- 
competence  of  CB  mice  to  different  antigenic  determinants  as  a  function  of 
age.  We  will  also  substitute  for  putative  immunologic  deficiencies  by 
reconstituting  thymectomized  x- irradiated  CB  mice  with  thymocytes  of  congenic 
strain  CAL  20  which  expresses  only  the  AL  allotype. 
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Major  Findings; 


) 


In  certain  instances  Ig  immuxioglobulin  allotypic  determinants  of  the 
BAIiB/c  appeared  in  the  serum  of  CB-I7  mice  which  are  homozygous  for  the 
C57BL/Ka  allotype.  The  appearance  of  his  hidden  allotype  was  usually 
transient  and  only  associated  with  the  yn^   class. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 

These  studies  lead  to  a  further  resolution  of  Ig  structural  genes  and 
factors  controlling  their  expression. 

Publications: 

Lieberman,  R.,  Potter,  M.,  Mushinski,  E.B.,  Humphrey,  W.,  Jr.  and 
Rudikoff,  S.:   Genetics  of  a  new  Ig  Vjj  (T15-idiotype)  marker  in  the 
mouse  regulating  natural  antibody  to  phosphorylcholine.  J.  Exp.  Msd. 
139:  983-1004,  197^0 

Claflin,  JoL.,  Lieberman,  R.  and  Davie,  J.M. :   Clonal  nature  of  the 
immune  response  to  phosphorylcholine.  I.  Specificity,  class  and 
idiotype  of  phosphorylcholine  binding  receptors  on  lymphoid  cells. 
J.  Exp.  Med.  139:  59,  1974. 

Claflin,  J.L.,  Lieberman,  R.  and  Davie,  J.M. :  Clonal  nature  of  the 
immxme  response  to  phosphorylcholine.  II.  Idiotypic  specificity 
and  binding  characteristics  of  anti-phosphorylcholine  antibodies. 
J.  Immunol.  112:  Yjh^-Y(%,   197^. 

Lieberman,  R.  and  Paul,  W.E. :  Genetic  Control  of  Antibody  Responses 
to  ly^eloma  Proteins  of  Mice.  Contemporary  Topics  in  Immunobiology 
Vol.  3^  M.D.  Cooper  and  N.L.  Warner  (Eds.),  Plenum  Publishing  Corp. 
W.Y.,  1974. 

Levy,  N.L. ,  Snyderman,  R.,  Ladda,  R.L.  and  Lieberman,  R.:   Cytogenetic 
engineering  _in  vivo — restoration  of  biologic  complement  activity  to 
C5 — deficient  mice  by  the  intravenous  inoculation  of  hybrid  cells. 
Proc.  Nat.  Acad.  Sci.  7O;  3125,  1973. 
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Project  Subtitle  I;   Genetic  Control  of  Antibody  Responses  to  l/^yeloma 

Proteins  of  Mice 


h 
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Project  Description; 

Objectives; 

It  has  been  shown  in  the  mouse  that  the  immune  response  to  a  BALB/c 
72a^  type  myeloma  protein  (M0PC173)  is  controlled  by  the  immune  response  gene 
Ir-IgG.   In  mice  with  IgCH  allotypes  different  from  BA.LB/c,  the  Ir-IgG  gene 
was  found  to  be  linked  to  H-2  types  b,  be,  p,  r,  s  and  v  not  to  a,  d,  k  and 
q.  The  response  of  mice  of  the  H-2^  "type  and  lack  of  response  of  H-2^  mice 
permitted  us  the  opportunity  to  map  the  Ir-IgG  gene  in  the  H-2  region  by 
investigating  the  immune  response  of  the  H-23-/H-2t'  recombinants  that  were 
available.  These  recombinants  included  BIO .A  (iR),  BIO .A  (2R),  BIO .A  (3R), 
BIO. A  (4r),  and  B10.A(5R).   It  was  found  that  3R,  5R  and  hB   gave  a  high 
response  while  IR  and  2R  did  not.   On  the  basis  of  prior  mapping  of  other 
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Ir  genes,  e.g.,  Ir-I  and  Ir-IgA,  it  was  shown  that  Ir-IgG  was  located  between 
the  Ir-IgA,  Ir-I  complex  and  Ss-Slp.   In  that  study  we  postulated  that  the 
allotype  present  on  the  Cjj  (Fc)  region  was  recognized  by  specific  thymus- 
derived  (t)  lymphocytes  and  that  an  immune  response  to  the  idiotype  present 
on  the  Fab  could  only  be  elicited  when  the  allotypes  of  the  immimized  mouse 
differed  from  BALB/c.  On  these  premises,  irrespective  of  the  differences  in 
the  Vh  regions  (idiotypes),  the  same  H-2  linked  Ir   gene  should  be  involved  in 
responses  to  all  myeloma  proteins  of  the  same  class.  To  test  this  view,  the 
immune  response  to  six  different  BALB/c  72a  myeloma  proteins  was  investigated 
in  inbred,  H-2  congenic  and  recombinant  strains. 

Methods  Employed; 

The  immune  response  to  six  different  myeloma  proteins  of  BALB/c  origin 
was  determined.  Four  of  the  72a  n^yeloma  proteins  were  of  the  kappa  type 
(MDPCITS,  LPCI,  UPCIO  and  RPC5);  two  were  of  the  lambda  type  (HOPCl  and  S5i<-44). 
All  the  six  myeloma  proteins  have  the  same  Ch  region  allotype  determinants 
{Gr^f^)^ )^)  ^      Each  of  the  four  kappa  type  proteins  has  its  own  unique  idiotypic 
specificity  which  does  not  cross-react  with  that  of  any  of  the  others.  The 
two  lambda  types  in  addition  to  possessing  unique  idiotypic  specificities, 
also  have  cross-reacting  idiotypic  determinants. 

Ifejor  Findings; 

Among  the  inbred  strain  of  various  H-2  types  and  Ig  allotypes  the 
immune  response  for  the  six  72a  myeloma  proteins  was  remarkably  consistent. 
No  antibody  response  was  observed  in  mice  with  the  same  allotype  as  BALB/c, 
including  one  strain  of  the  H-2^  type.   In  strains  of  mice  with  allotypes 
different  from  BALB/c,  a  high  immune  response  (mean  log  2  HI  titer  8  -  >  12) 
was  found  in  H-2  types  b,  r,  s  and  v  for  2  or  3  of  the  k  types  and  for  1  or 
both  of  the  lambda  types.  A  low  or  absent  immune  response  was  found  in  H-2 
types  a,  d,  k  and  q  for  at  least  2  of  the  4  kappa  types  and  for  one  of  the 
lambda  types.  One  notable  exception  was  the  high  response  of  RF  (H-2^)  to 
UPCIO,  a  kappa  type  72a  protein.  Among  the  kappa  types,  a  high  response 
was  found  in  H-2°  (BIO)  and  a  low  response  in  H-23-  (BIO.A).  Among  the 
H-2VH-2^  recombinants,  IE  and  2R  gave  a  low  response  while  k-B.   and  5R  gave 
a  high  response.  The  response  of  4R  while  present,  was  always  less  than 
that  of  5R  or  BIO.  The  data  indicate  that  regardless  of  the  Vh  region  of 
the  myeloma  protein,  the  same  Ir  gene  ( Ir-IgG)  is  employed  in  the  immune 
response  to  K  type  72a  BALB/c  myeloma  proteins. 

The  findings  with  the  X   type  72a  proteins  were  quite  different. 
Firstly,  the  results  on  repeated  experiments  revealed  a  mar):ed  variability 
among  individuals  within  a  strain,  a  finding  not  observed  with  the  K   type 
proteins.   For  S^kkh   all  the  BIO  mice  gave  a  high  response  whereas  for 
HOPCl  only  3/22  gave  a  high  response  in  three  separate  experiments  using 
different  preparations  of  HOPCl.   Both  the  35^44  and  HOPCl  gave  low 
responses  in  the  recombinants  2R,  k-E   and  5R.  However,  there  were  some 
inconsistencies  in  these  latter  groups.  Among  the  4R,  2/18  gave  a  good 
response  and  among  the  5R,  2/23  gave  a  good  response  to  HOPCl.   Despite  this 
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variability,  it  was  still  clear  that  the  immune  response  to  HOPCl  was  linked 
to  the  H-2  complex.  Thus,  all  individuals  of  the  BIO.M  strain  gave  a  very- 
high  immune  response  (log  2  H-1  mean  titer  >  12). 

The  data  support  the  concept  that  the  genetic  control  of  responsive- 
ness to  tG  (72a)  k:  myeloma  proteins  involves  recognition  of  constant  region 
allotype  associated  determinants.  This  most  likely  involves  antigen 
recognition  by  T  lymphocytes,  but  out  data  do  not  establish  such  a  role 
for  T  lymphocytes.  However,  one  strain  (RF)  responded  to  UPCIO,  but  not 
MDPCITS  or  LPCl,  suggesting  in  this  case  a  recognition  limited  to  a 
unique  antigen  of  UPCIO. 
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The  situation  of  the  lambda  72a  proteins  is  much  less  clear,  although 
it  seems  possible  that  an  Ir  gene  distinct  from,  although  linked  to,  that 
controlling  responsiveness  to  K  72a  proteins  may  be  involved. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

Histocompatibility-linked  Ir  genes  play  an  important  role  in  antigen- 
recognition  by  T  lymphocytes  and  in  the  control  of  susceptibility  and 
resistance  to  a  variety  of  diseases.  The  mechanisms  by  which  these  critical 
functions  are  mediated  is  still  imknown;  their  delineation  should  be 
important  in  specific  manipulation  of  the  immune  response.   In  addition,  Ir 
genes  also  serve  as  genetic  markers  to  study  gene  products  at  the  cellular 
level. 

Project  Subtitle  II;  Allotype  Linked  Ir  Genes 

Project  Description; 

Objectives; 

Two  lines  of  mice  originally  chosen  on  the  basis  of  responsiveness  to 
sheep  erythrocytes  have  been  bred  for  30  generations.  One  has  a  low  response 
to  sheep  erythrocytes  (SRBC)  and  possess  imm-uaoglobulin  of  the  IgG^^^  allo- 
type; the  other  has  a  higher  response  to  SRBC  and  possess  immunoglobulin  of 
the^G^  or  G"'-  °-^  ^  allotype.  F-i_  progeny  from  high  and  low  matings  were  back- 
crossed  to  either  the  low  or  high  responders  to  analyze  the  control  of  imm-une 
response  to  SRBC.   It  was  established  that  genes  controlling  immunoglobulin 
allotype  (or  genes  closely  linked  to  allotype  genes)  were  of  importance  in  the 
responsiveness  of  these  mice.  A  further  analysis  of  genetic  linkage  in  these 
mice  may  allow  delineations  of  the  types  of  genes  concerned  with  the  control 
of  immunoglobulin  synthesis. 
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Methods  Employed; 

?]_  progeny  of  a  cross  of  strains  of  mice  selected  for  low  or  high 
responses  to  SRBC  for  more  than  30  generations  were  backcrossed  to  either  low 
or  high  responders  and  then  progeny  were  tested  for  Ig  allotypes,  H-2  types, 
immune  response  to  SRBC,  SIII  and  other  antigens  and  for  immunoglobulin  levels. 
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F2  progeny  of  a  high  and  low  responders  were  similarly  tested. 

Major  Findings; 

There  appears  to  be  a  disappearance  or  a  low  level  of  the  allotype 
marker  (P   that  was  formerly  found  linked  to  the  g3  in  the  "Low"  responder 
strains.  These  mice  have  now  been  selectively  bred  for  low  and  high  response 
to  SRBC  from  over  26  generations  and  the  loss  of  the  g5  allotype  suggests 
the  possibility  of  some  regulatory  mechanism  linked  to  allotype  expression. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  genetic  control  of  the  immune  response  and  antibody  synthesis  is 
concerned  in  the  understanding  of  resistance  and  suceptibility  to  disease. 
This  system  may  provide  a  model  for  analysis  of  some  form  of  hypogamma- 
globulinemia and  hyporesponsiveness. 
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Project  Subtitle  I:   Lectins  and  their  interaction  with  cells 

Project  Description: 

Objectives  : 

The  initation  of  the  immune  response  is  triggered  by  the  specific 
interaction  of  antigens  with  cell  surface  receptors  on  a  sma].l  percentage 
of  immunocompetent  cells.   Larger  percentages  of  these  cells  are  stimiilated 
by  certain  mitogens.   In  this  project  the  ability  of  the  5  pokeweed  mitogens 
(Pa-1  to  Pa-5)  to  stimiiLate  mitosis  and  immunoglobulin  production  in 
different  populations  of  murine  lymphoid  cells  is  investigated  to  increase 
our  knowledge  of  the  early  events  in  cell  differentiation  and  mitosis. 
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Methods   Employed: 


Pa-1   through  Pa-5  were  prepared  from  pokeweed  roots  by  salt 
fractionation  and  coliimn  chromatography.      The   ability  of  murine  lymphocytes 
to   respond,    in_  vitro,   to   these  mitogens  was    determined  by  assaying  the 
incorporation  of  radioactive  precursors   into   DNA,   protein  and  specifically 
isolated  immunoglobulin.      The   lymphocyte  populations    employed  were  spleen 
cells    and  thymocytes    from  normal  BALB/c  mice,   spleen   cells    from  adult 
thymectomized,   lethally  irradiated  BALB/c  mice  reconstituted  with  anti-B 
treated  bone  marrow   cells    (TXBM-mice)    and  spleen   cells    from  athymic   nude 
mice   and  their  heterozygotic  littermates. 

Major   Findings : 

All   five  of  the  pokeweed  mitogens   stimulate  mitosis   in  normal   spleen 
cells    and  thymocytes.      The   responses   of  the  thymocytes    indicated  that   all 
of  the  pokeweed  mitogens   can  stimulate  mitosis   in  T  cells.   Pa-2  is   the 
most   active  of  these  mitogens,   stimulating  spleen  cells  to  the  same  extent 
as   the  T  cell  mitogen   concanavalin  A  and  stimulating  thymocytes   to  a  level 
3-fold  that   on    concanavalin  A.      Pa-1  was   the  only  mitogen  to  stimulate 
TXBM  spleen   cells    to   the  levels    found  with    cells    from  normal  spleens.      The 
other  pokeweed  mitogens   and  concanavalin  A  induced  weaker  responses.   While 
these   results   suggest   that  Pa-1  may  be  a  B-cell  mitgen  as  well   as   a  T  cell 
mitogen,    the   response  to   concanavalin  A  indicates   the  presence  of  residual 
T  cells    and  makes    it  impossible   to   conclude  whether  the  response  to  Pa-1 
and  the  lower  response  of  the  other  pokeweed  mitogens   are  due  to  their 
possible  B   cell   activities   or  to   the  presence  of  contaminating  T  cells. 
The   data  obtained  using  spleen   cells   from  athymic   nude  mice  resolved  this 
ambiguity.      These  cells   responded  only  to  Pa-1;   the  other  pokeweed 
mitogens    and  concanavalin  A  either  showed  no  stimulatory  activity  or  killed 
the  cells.      These  data  indicate  that  in  the  murine  system  Pa-1  is  both 
a  T  cell  and  a  B   cell  mitogen  and  that  the  other  pokeweed  mitogens  are  T 
cell  mitogens.      It  was   also   determined  that   Pa-1  was   the  only  pokeweed 
mitogen   to   stimulate  protein  synthesis    and  immunoglobulin  production  in  the 
B  spleen   cells    from  athymic   nude  mice. 

The   difference  between  the  mitotic   and  immunologic   stimulating 
properties   of  Pa-1   and  the  other  h  pokeweed  mitogens   is   reflected  in  the 
difference  in  physico-chemical  properties   of  Pa-1   and  the  other  mitogens. 
Pa-1   differs   markedly   in  these  properties;   it  has   a  subunit  molecular 
weight   of  22,000  Dal tons ,  but  apparently  exists   as   an  aggregate  or  polymer 
in  aqueous    solutions.      The   h  other  mitogens   all   appear  to  be  monomers. 
Pa-1   also  differs   noticeably   from  the  other  proteins   in  its   amino   acid 
composition,    and  has   few  disxilfide  bonds.      In  contrast,   Pa-2,   Pa-3,  Pa-i^ 
and  Pa-5   are  similar   to  one  another  in  composition  and  have  many  disulfide 
bonds . 
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Significance   to  Biomedrlcal   Research  and  the  Program  of  the   Institute: 

The   dual   activity  of  Pa-1  is   unique;   there   is   no  other  definitive 
case  in  which   a  mitogenic   protein  has    activities    directed  towards   both   the 
B   and  the  T  classes   of  lymphoid  cells.      The  polymeric   state  of  Pa-1  may  be 
the  key  to   its    ability   to   stimulate  B   cells;   the   requirement   of  miiltiple 
interactions  between  the  B   cell   immunoglobulin   receptors    and  specific 
antigens    for  stimulation  is  well  known.      The  multimeric   state  of  Pa-1   may 
fulfill  the  same  requirements,   but   stimulate   a  much  higher  percentage   of 
cells   than  possible  with   antigens    requiring  specific   immiono globulin   receptors. 
Studies  with   this   model   system  will    further  our  understanding  of  the 
initiation  of  the   imm\ine   response. 

Proposed  Course  of  Pro.ject: 

Further   detailed  studies   on  the   interaction  of  Pa-1   and  other  mitogens 
with  cell   surfaces  will  be  undertaken.      These  studies  will  provide  information 
about  the  type   and  distribution  of  the   cellular  receptors   as  well  as   the 
interaction  between  these  receptors    and  the  lectins.      A  knowledge   of  these 
features    is   necessary   for  our   further  understanding   of  cell   stimulation. 

Project  Subtitle  II :      Structural   Studies   of  Immunoglobulins 

Project  Description: 

Objectives  : 

To  study  the  salient   features   of  the   antibody   combining  site   and  the 
structures   of  different   antibodies   which   recognize  the   same   antigen.      In 
particular,   to  compare  the  covalent  structiires   of  the  heavy   chain  variable 
regions    of  two   antibodies,  produced  in  the   same   rabbit,    against  the   same 
carbohydrate   antigen. 

Methods   Employed: 

The  antibodies  were  isolated  by  ion-exchange   chromatography   and  their 
heavy   and  light   chains   separated  by  gel   filtration.      The  heavy   chains  were 
cleaved   at  methionyl  residues  with  cyanogen  bromide   and  the   resulting 
fragments   separated  by   gel   filtration  in  strongly   dissociating  solvents. 
Certain  of  their  fragments  have  been  subjected  to   sequence   analysis  using 
the  Beckman  Model  89OC  segneator. 

Major  Findings : 

The  cyanogen  bromide   fragments   of  these  two   antibodies  have  been 
isolated  and  characterized  by  molecular  weight,   NH2-   and   COOH-terminal 
residues    and  amino   acid  analyses.      Incomplete   cleavage,    or  possible 
microheterogeneity   at   certain  methionyl  positions,   and  strong  aggregation 
by  some  of  these   fragments,   has   been  particularly  troublesome.      The 
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staphylococcus   sp.      Antibodies   of  higher  activity  were  obtained  from  the 
immunized  rabbits    as    compared  to   the   infected  patients,    and   form  precipitates 
with  both  the  organisms   and  very  small   concentrations    ('^50   ng)   of  the 
extracted  3-techoic   acid. 

Significance  to  Biomedical   Research   and  the  Program  of  the   Institute: 

The  completion  of  this   project  provides   the  clinician  with   a  simple, 
guick  and  accurate  tool   for   detecting  "^    and  P    forms   of  techoic   acid  and 
may  provide   a  test  useful   in  diagnosis  of  the   early  stages   of  staphylococcal 
endocarditis   and  other  staphylococcal  infections. 

Proposed  Course  of  Project: 

The  isolated   antibodies  will  be   adsorbed  to  tanned  sheep  erythrocytes 
and  covalently  bonded  to   suitable  beads.      These  materials  will  be   used  to 
develop  a  method  of  detecting  small  amounts   of  the  free   antigen  in  the  sera 
and  urine  of  infected  patients.  .   .  .    .. 

Project  Subtitle  IV:     Laboratory  Automation  and  Data  Processing 

Project  Description: 

Objectives : 

To   achie^.'^e  maximal  utilization  of  several  mechanized  analytical 
instruments   used  in  piirsuing  the  objectives   of  LI/NIAID  by  automatic   data 
acquisition,    data  reduction  and  calculation,   data  display  and  instrument 
monitoring.      To   develop  new  automated  procedures   for  structural   studies   on 
cells    and  proteins,  which  will   reduce   the   time,   effort,   and  mistakes 
inherent  in  coventional  procedures. 

Metho  ds   Employe  d : 

A  PDP-11  mini-computer  is   used  to   acquire  analogue   and  digital   data 
from  the  laboratory's   instruments   through  NIH  fabricated  interfaces.      Data 
from  scintillation   counters   is   transmitted  to  the  computer  by  punched  paper 
tape.      The   raw  data  is   reduced  and  stored  in  the  PDP-11 's   disc   storage,  or 
transferred  by  data  phones   to   DCRT's   time  shared  PDP-10.      This   data  is  held 
for   further  processing  under  the  operator's   control  or  will  be   used  by  the 
computer  for  online  decisions   in  the   control  of  the   atuomated  instruments. 
Operator  interaction  is  by  keyboard  and  cathode   ray  tube  display  of  the 
processed  data. 

Major  Findings  : 

The  computer  has  been  programmed  to  accept  and  process   data  from  U 
channels  of  a  multiplexed  spectrophotometer.      This  has   included  the  writing 
of  an  extensive   real   time   data  acquisition  and  processing  executive  program 
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fragments   have  been  ordered  and  mapped  onto  the  heavy   chains    and  were 
foiind  to   account   for  the   entire   chains. 

Two  of  the   fragments    from  the  major   antibody,    arising   from  the 
variable   region,   were  subjected  to   sequence   analysis.      0\ir   tentative 
sequences    in   these   regions    are   in  basic   agreement  with  partial  sequences 
of  other   rabbit   immunoglobulins   of  the  same   allotype   determined  by  others, 
but   differences    occur   at   certain  positions,  as    expected  in   these  variable 
region. 


Significance   to  Biomedical   Research   and  the   Program  of  the   Institute: 

These   structural   studies   help  define  the  chemical  basis  of  the 
specificity  of  antibodies    and  provide   information  on   the  nature  of  the 
genes   and  genetic  mechamisms  which   control   antibody   structure  and  the 
immune   response.      In   a  broader  sense,    the   elucidation  of  the    chemical 
differences   in  antibodies  which   recognize  the   same  antigen  will   shed 
light  on   redundency   and  compensation   in  protein  structures    and  the 
influence  of  primary  structure  on  tertiary   structure   and  activity. 


Proposed  Course  of  Project: 

The   sequence  analyses   of  these  two   antibodies  will  be   continued  to 
define  the  pertinent   chemical    differences    in  their  structures. 

Project  Subtitle  III: 

Objectives  : 

To  investigate  the  structure  and  activity  of  proteins  possessing  a 
special  property  to  make  them  of  current  interest.   To  isolate  pure  anti- 
bodies to  a  component  of  the  cell  wall  Staphylococcus  sp.  and  to  use 
these  antibodies  in  a  clinical  diagnostic  test  to  detect  staphylococcal 
endocarditis  in  its  early  stages . 
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Methods   Employed: 

The  A  and  B   forms    of  techoic  acid  were  isolated   from  Staphylococcus   sp. 
and  purified.      These  antigens  were   coupled  to  various   bead  supports   by  the 
usual  procedures.      Human  antibodies   to  these   antigens  were  isolated  from 
the  sera  of  patients  with  staphylococcal  endocarditis   by  affinity   chromato- 
graphy.     Antibodies  were   also   isolated  in  the  same  manner   from  the  sera  of 
rabbits  which  had  been  inmiunized  with  the  killed  organisms. 


Major  Findings  : 

Antibodies   with   specificities    for  the  a   and  0    forms   of  techoic   acid 
have  been   isolated   from  human  and  rabbit  sera.      These   antibodies    appear 
to  be  of  high  purity   and  specific   for  one   form  of  the   antigen   from 
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(RTDAPE).   RTDAPE  has  been  structured  to  function  as  an  executive,  running 
data  acquisitions  sub-routines  and  data  reduction  sub-routines  on  a  time 
dependent  basis  from  a  task  table.   RTDAPE  also  may  call  processing  pro- 
grams as  directed  by  the  task  table  or  by  the  operator.   The  data  acquisition 
priority  programs  are  continually  executed  even  though  other  other  programs 
may  be  running.   Fortran  programs  for  the  acquisition  of  two  channels  of  data 
from  an  amino  acid  analyzer  and  for  the  operator  directed  processing  of  this 
data  via  the  CRT  have  been  written  and  are  being  used.  A  Fortran  program 
for  the  processing  of  data  from  the  scintillation  counter  on  paper  tape  has 
also  been  written  and  is  being  used  by  several  members  of  LI.   The  necessary 
programs  for  communications  between  the  PDP-11  and  the  time  shared  PDP-10 
have  also  been  written  and  may  be  used  to  transfer  data  between  the  mini- 
computer (PDP-11)  and  the  larger  computer  in  DCRT. 

The  necessary  hardware  interfaces  between  the  computer  and  the  spectro- 
photometer, fraction  collectors,  and  amino  acid  analyzer  have  been  designed, 
constructed  and  completed. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute: 

The  writing  of  the  RTDAPE  program  was  a  slow  but  necessary  step  in  the 
creation  of  the  laboratory  computer  system.   The  acquisition  and  reduction 
modules  for  the  various  instruments  now  can  be  written  and  linked  into  this 
executive.   RTDAPE  will  also  call  and  monitor  data  processing  programs  and 
their  interactions  with  the  operator,  such  that  the  higher  priority  programs 
will  continually  function. 

Now  the  automation  and  control  of  laboratory  instriomentation  can 
proceed  and  will  increase  the  productivity  of  the  instruments  and  the 
investigators  using  them.  The  alleviation  of  much  of  the  drudgery  of 
manual  analytical  procedures  will  allow  the  highly  trained  laboratory 
personnel  to  concentrate  on  higher  duties  and  to  attack  more  difficult 
problems . 

Proposed  Course  of  Project: 

Hardware  and  software  development  and  testing  will  continue.   The 
Fortran  acquisition  program  for  the  amino  acid  analyzer  will  be  rewritten 
in  assembly  language  to  run  under  RTDAPE.   The  output  from  a  gas  liquid 
chromatograph  will  be  interfaced  to  the  computer  for  the  identification 
and  quantitation  of  PTH-amino  acids  obtained  from  sequence  studies. 
Digital  output  from  the  computer  will  be  utilized  to  control  certain 
of  the  laboratories  analytical  instruments.   The  processing  of  data  from 
the  scintillation  counters  will  be  improved  and  modified  to  provide  this 
service  to  all  members  of  LI. 
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of  multiple  mitogens  from  pokeweed.   Submitted  to  Nature. 
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PHS-NIH 

Summary  Statement 

Rocky  Mountain  L a bora to ry 

Hamilton,  Montana 

July  1,  1973  through  June  30,  1974 

Currently,  our  research  program  is  directed  primarily  toward  problems  in  5 
major  areas— slow  viral  diseases,  immunology,  rickettsiology,  medical 
entomology  and  acarology,  and  cancer  immunotherapy.  Only  minor  changes 
were  made  in  the  direction  of  programs  following  an  overall  review  by  the 
Board  of  Scientific  Counselors  in  August  1973.  Only  a  few  staff  changes 
were  made  during  the  year.  Dr.  Thomas  Meyer  and  Dr.  Francis  Abinanti,  who 
were  both  engaged  in  research  on  cancer  immunotherapy,  left  the  laboratory, 
and  Dr.  Donald  Granger  joined  the  staff  as  a  Research  Associate. 
Drs.  Robert  Philip  and  Robert  Gerloff  reoriented  much  of  their  programs 
from  research  on  chlamydiae  to  rickettsial  diseases. 

Progress  on  major  projects  is  presented  in  the  text  of  the  report.  Many  of 
the  major  findings  were  published  in  71  publications,  of  which  23  are  still 
in  press. 

The  following  highlights  of  research  findings  deserve  special  mention: 

Rickettsioses 

During  collaborative  studies  of  spotted  fever  in  the  Southeast,  one  investi- 
gator submitted  acute  and  convalescent  phase  serums  from  46  of  58  patients 
who  had  tick-associated  illnesses  typical  of  spotted  fever.  However,  only 
37/^  of  these  patients  had  diagnostic  4-fold  increases  or  significant 
antibody  titer  during  convalescence.  These  findings  strongly  suggest  a 
rickettsial  agent  other  than  Rickettsia  rickettsii.  During  these  same 
investigations,  2  rickettsia-like  organisms  were  recovered  from  ticks  taken 
from  dogs  and  people.  One  found  in  both  Dermacentor  variabilis  and 
Amblyomma  americanum  was  related  to  R^.  rickettsii  and  was  nonpathogenic  for 
laboratory  animals  but  grew  in  tissue  cultures.  The  other,  recovered  from 
Rhipicephalus  sanguineus  and  also  related  to  R^.  rickettsii ,  was  infectious 
for  meadow  voles,  cross  reacted  with  FITC-labelled  anti-R.  rickettsii 
conjugates,  and  induced  strong  protection  in  guinea  pigs  against  challenge 
with  virulent  R^.  rickettsii.  Serums  of  cases  of  spotted  fever  in  the  south 
will  be  tested  serologically  against  these  agents  to  determine  whether  they 
could  be  the  cause  of  this  human  disease. 

Additional  attempts  to  cause  a  shift  of  cloned  phase  I  Coxiella  burneti  to 
phase  II  in  fertile  hens'  eggs  failed.  Similarly,  it  was  impossible  to 
cause  a  shift  of  phase  II  to  phase  I  by  guinea  pig  passage  of  cloned  phase 
II  organisms,  which  could  not  be  passed  in  guinea  pigs  more  than  2  times. 


.J 


Apparently,  C^.  burneti  exists 
II,  with  the  former  predominant 


in  nature  as  a  mixture  of  phase  I  and  phase 
in  animal  tissues. 


Major  methodological  advances  were  made  in  the  mass  cultivation  of 
R^.  rickettsii  in  mouse  cell  spinner  cultures,  in  which  the  yield  per  gm  of 
tissue  exceeded  that  in  fertile  hens'  eggs  by  at  least  70-fold.  Rickettsiae 
purified  from  tissue  cultures  or  fertile  hens'  eggs  by  zonal  centrifugation 
were  shown  to  be  highly  immunogenic  in  guinea  pigs  and  serologically 
reactive  in  various  tests. 

Rabies 

In  further  studies  on  the  effects  of  hyperthermia  on  the  progression  of 


rabies  infection  in  mice,  we  found 
temperatures  of  infected  mice,  but 
mortality  and  increase  in  abortive 
time  infected  mice  were  exposed  to 


that  high  ambient  temperature  raised  the 
not  those  of  normal  mice.  Reduction  in 
infection  were  proportional  to  the  total 
increased  ambient  temperature.  Exposure 


during  the  incubation  period  delayed  onset  of  illness. 

Chronic  progressive  rabies  has  been  demonstrated  in  a  cat  that  survived 
infection  3  years  ago.  During  repeated  monitoring  of  the  antibody  content 
in  its  serum  and  cerebrospinal  fluid,  we  observed  that  titers  increased 
when  the  condition  of  the  cat  progressively  deteriorated.  Because  of  hind- 
limb  paralysis,  fasciculation  of  thigh  muscles,  and  general  deterioration, 
the  cat  was  killed;  histologic  changes  characteristic  of  progressive 
disease  were  seen  in  its  brain. 


Arthropod-borne  Viruses 


ecol 
indicated  that 
However,  adult 
with  Tuleniy  vi 
Likewise,  fresh 
circulating  Tul 
birds  and  the  p 
virus  is  circul 
nesting  period 


ogic  studies  of  Tuleniy  virus  at  Yaquina  Head,  Oregon, 
murres  are  commonly  infected— 19  of  24  were  seropositive, 
and  baby  murres  and  seagull  chicks  experimentally  inoculated 
rus  developed  only  low  level  viremias  of  brief  duration, 
chicks  and  domestic  ducks  were  shown  to  be  poor  donors  of 
eniy  virus.  Considering  the  low  levels  of  viremia  in  these 
revalence  of  antibodies  among  murres,  one  wonders  how  the 
ated  between  ticks  and  birds  during  their  brief  3-month 
on  rocky  islands  of  the  West  Coast. 


Some  investigators  contend  that  Tuleniy  virus  is  the  progenitor  of  Japanese 
B  encephalitis  (JBE)  virus— essentially  a  strain  of  JBE  isolated  from  ticks. 
Both  Hsu's  and  Schneider's  lines  of  Culex  tritaenorhynchus  cells  supported 
rapid  increases  of  2  strains  of  JBE  virus,  but  not  that  of  Tuleniy  virus. 
Furthermore,  in  4  experimental  attempts  to  infect  this  species  of  mosquito, 
a  principal  natural  vector  of  JBE,  it  was  shown  to  be  refractory  to  Tuleniy 
virus.  After  these  mosquitoes  were  inoculated  intrathoracically,  their 
virus  content  declined  rapidly  and  virus  could  not  be  detected  after  day  7 
postinoculation. 


The  application  of  the  scanning  electron  microscope  (SEM)  to  taxonomic 
studies  on  ticks  has  revealed  specific  characters  undetectable  by  light  and 
phase  microscopy.  A  species  of  a  remarkable  new  genus  (possibly  family)  of 
Argasidae  is  presently  being  described  with  the  aid  of  SEM.  This  tick  was 
collected  from  a  bat  cave  in  Campeche,  Mexico.  About  40  African  species  of 
the  genus  Rhipicpphalus  are  now  being  studied  by  SEM.  The  sanguineus  group 
of  this  complex  has  been  particularly  difficult  to  characterize. 

Pathogenes is  and  Immunol ogy  of  Slow  Viral  Diseases 

Several  observations  on  slow  viral  diseases  are  noteworthy.  Additional 
data  support  earlier  findings  that  lambs  likely  acquire  scrapie  virus  via 
the  oral  route  early  in  postnatal  life.  On  the  basis  of  studies  on 
experimentally  infected  goats,  it  was  believed  that  the  goat  was  an 
aberrant  host  from  which  virus  was  never  released.  However,  in  2  naturally 
infected  goats,  the  distribution  of  virus  in  non-neural  tissues,  especially 
gut,  was  similar  to  that  seen  in  Suffolk  sheep.  The  recent  development  of 
encephalopathy  in  one  of  2  mink  inoculated  with  brain  of  Suffolk  sheep 
naturally  affected  with  scrapie  suggests  that  this  disease  in  ranch  mink  is 
indeed  scrapie.  The  production  of  scrapie  in  10  of  19  goats  inoculated 
with  mink  encephalopathy  virus  provides  additional  support  to  this  thesis. 

The  antibody  response  of  mink  to  the  Porter  strain  of  Aleutian  disease  (AD) 
virus  has  been  measured  accurately  by  counter  immunoelectrophoresis.  The 
precipitating  antigen  has  been  found  to  be  associated  with  the  intact 
virion  in  precipitin  lines  examined  by  electron  microscopy.  In  sapphire 
mink  inoculated  with  the  Pullman  strain,  antibody  response  seems  tantamount 
to  subsequent  disease,  but  in  pastel  mink  antibody  is  produced  without  overt 
disease  or  measurable  changes  in  serum  gamma  globulin.  The  antibody 
response  to  parallel  inocula  was  higher  and  persisted  longer  in  sapphire 
than  in  pastel  mink.  In  associated  studies  on  changes  in  Ig  content  during 
the  course  of  AD,  we  found  that  the  yM  remained  unchanged,  yA  increased 
tremendously  in  pastels  and  that  the  yG  increased  comparably  in  both  color 
BiC  content  declined  in  sapphire  but  increased  203%  in  pastels. 
60%  of  the  Ig-positive  B  cells  of  mink  were  found  to  have  a 
C3.  In  a  study  of  the  distribution  of  these  B  lymphocytes  in 
lymphoid  organs  and  cellular  infiltrates  in  AD-affected  mink,  we  demonstra- 
ted that  infiltrates  in  the  kidneys  of  affected  mink,  as  well  as  diseased 
glomeruli,  bound  complement. 
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Bacic  Immunology 

In  continued  studies  on  the  role  of  cell -mediated  immunity  in  herpes  simplex 
virus  (HSV)  infections  it  was  determined  that  "activation"  of  leukocytes 
sensitized  to  a  nonrelated  antigen  had  a  profound  effect  on  their  ability 
to  inhibit  HSV  replication  in  cell  cultures.  This  reaction  was  shown  to  be 
dependent  on  the  degree  of  sensitization,  concentration  of  activating 
antigen,  and  the  number  of  leukocytes  per  target  cell. 


I 
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Histamine  sensitization  of  mice  induced  by  BordeteHa  pertussis  extracts 
is  associated  with  increased  yE-globulin  production.  Because  Trichinella 
spiralis  infections  in  mice  are  known  to  cause  increased  yE-globul in 
productfon,  the  possibility  that  infection  with  this  nematode  may  likewise 
induce  histamine  sensitivity  in  mice  was  explored.  Oral  infection  of  mice 
with  50  to  100  larvae  induced  a  prolonged  sensitization,  beginning  about 
the  Uth  day  after  exposure.  The  LD50  of  histamine  in  infected  mice  was 
0.18  mg  whereas  that  in  normal  mice  was  15  mg.  The  yE-globulin  induced  by 
T.  spiralis  blocked  the  PCA  activity  of  yE  having  specificity  to  a 
Heterologous  antigen. 

Role  of  Mycobacterial  Constituents  in  Cancer  Immunotherapy 

Further  progress  has  been  made  in  clarifying  questions  about  the  role  of 
various  constituents  of  mycobacterial  cell  walls  in  cancer  immunotherapy. 
The  free  lipids  extracted  with  organic  solvents  from  cell  walls  yielded  5 
fractions  when  subjected  to  microparticulate  gel  chromatography— 
1)  mono-  or  oligomeric  peptidoglycolipid  (MA-AG-MA),  2)  PI,  3)  P2,  4)  P3, 
and  5)  P4.  The  first  is  similar  to  cell  wall  skeleton,  except  that  its 
peptidoglycolipid  is  polymeric.  MA-AC-MP  and  cell  wall  skeleton  will 
suppress  tumors,  but  will  not  cause  regression  unless  P3  is  added. 
However,  neither  are  effective  unless  they  contain  at  least  1%  tuberculo- 
protein,  which  represents  the  specific  antigen  to  which  delayed  hyper- 
sensitivity or  cell-mediated  immunity  is  directed.  Indeed,  the  efficacy 
of  cell  wall  skeletons  containing  less  than  1%  protein  could  be  enhanced 
by  the  addition  of  PPD. 

The  lipid-free  (no  mycolic  acid),  water-soluble  mycobacterial  adjuvant  and 
antitumor  factor  (MAAF)  described  by  Hiu  regressed  tumors  but  only  when 
mixed  with  P3.  MAAF  alone  could  enhance  tumor  growth.  This  preparation 
and  acetylated  cell  walls  are  effective  adjuvants  for  humoral  antibody 
production  against  unrelated  antigens,  but  by  themselves,  neither  will 
elicit  a  Koch  reaction  in  the  skin  of  guinea  pigs.  Conceivably,  their 
enhancement  of  tumor  growth  is  due  to  the  humoral  response  to  specific 
transplantation  antigens,  wherein  antibodies  interfere  with  the  action  of 
cell -mediated  immunity. 


Immunoprophylaxis  against  Tuberculosis 

The  protein  requirement  for  efficacy  of  cell 
regressing  tumors  prompted  further  study  of 
in  immunoprophylaxis  against  tuberculosis. 
P3  and  PPD  (75  ug 
the  lungs  of  mice 
nor  P3  alone  were 
was  one  made  with 


each)  produced  a  vigorous 
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CW  with  aqueous  butanol . 
ined  even  when  P3  was  combined 
.  <10,000)  split  from  tuberculo- 


'™»>'«'«»'^'J'****^- 


In  collaborat 
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production  of 
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cell -mediated 
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ion  with  Drs.  Salvin  and  Youngner,  we  made  further  investiga- 
role  of  mycobacterial  fractions  in  the  in  vivo  production  of 
bition  factor  (M!F)  and  interferon.  A  combination  of  P3  and 
as  effective  as  cell  walls  for  sensitizing  mice  for  the 
MIF.  The  addition  of  CW  skeleton  did  not  augment  the  response 
nor  PPD  alone  was  effective.  The  role  of  P3  in  inducing 
immunity  is  further  illustrated  in  this  test  system  by  the 
Mycobacterium  smegmatis  CW,  which  are  free  of  P3,  and  the 
ansasn  CW,  which  contain  P3. 


Aye 


Microbial  Endotoxins 


The  specificity  of  the  limulus  test  for  endotoxin  was  evaluated  more 
critically  in  assays  of  typical  bacterial  endotoxins,  extracts  of 
polysaccharide-deficient  mutants,  anomalous  lipopolysaccharides  (LPS)  from 
Brucella  and  Thiobacillus,  synthetic  polynucleotides,  and  extracts  of 
Candida  albicans.  Among  anomalous  LPS,  there  was  little  correlation 

limulus  test  and  other  standard  tests.  One  LPS  from  Thiobacillus 

which  was  weakly  pyrogenic,  was  as  potent  in  the  limulus  test 

as  LPS  from  Salmonella  enteritidis.  Also,  extracts  of  Candida  devoid  of 
pyrogenicity  for  rabBTts ,  clotted  limulus  lysate.  Its  unusual  sensitivity 
for  substances  other  than  typical  bacterial  endotoxin  will  limit  its 
application  for  testing  pharmaceuticals  for  contaminating  endotoxins. 


between  the 
ferrooxidans 


Serial  No.  NIAID-170 

1 .  Rocky  Mountain  Laboratory 

2.  Office  of  the  Director 

3.  Hamilton,  Montana 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:  Office  of  the  Director 

Previous  Serial  Number:  Same 

Principal  Investigator:  H.  G.  Stoenner,  Director 

Other  Investigator:  R.  N.  Philip,  Assistant  Director 

Cooperating  Units:  None 


Man  Years: 

NIAID 
Lab  Staff 

Other  NIH 
Personnel 
Assigned  to 
Project 

Guest 
Workers 

Total 

Total : 

42 

42 

Professional : 

1  2/12 

1  2/12 

Other: 

40  10/12 

40  10/12 

Project  Description: 

The  general  administration  of  the  laboratory,  supervision  of 
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research  support  services  are  combined  in  this  project. 

Honors  and  Awards: 
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Continued  as  a  Reviewer  for  American  Journal  of  Veterinary  Research. 

Continued  service  on  the  Committee  on  Environmental  Health  of  the 
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Continued  service  on  the  Board  of  Directors  of  the  Montana  Division 
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Project  Description:  ^ 

Objectives: 

1)  Studies  of  ecology  and  epidemiology  of  rickettsioses  in  selected 
areas  of  the  world  including  the  United  States,  2)  development  and  improve- 
ment of  serologic  and  microbiologic  methods  useful  in  research  of  rickett- 
sial diseases,  3)  development  of  improved  diagnostic  reagents  and  tests, 

4)  study  of  rickettsial  growth  and  survival  under  experimental  conditions, 

5)  study  of  phase  change  in  Cox i el  la  burneti ,  6)  search  for  chronic  or 
recrudescent  Q  fever,  and  7)  study  of  immune  response  in  animals  and  man  to 
rickettsial  agents. 

Methods  employed: 

Standard  methods  applied  to  rickettsial  research  in  the  field  and  in 
the  laboratory  have  been  employed.  In  addition,  a  variety  of  immunologic, 
chromatographic,  and  electrophoretic  techniques  plus  improved  modifications 
of  these,  have  been  used  in  preparation  of  purified  rickettsiae  and  in 
studies  of  immune  responses. 

Major  findings: 

1.  In  cooperation  with  Dr.  T.  R.  Adkins,  a  study  was  initiated  to 
investigate  distribution  of  Rickettsia  rickettsii  in  South  Carolina.  Ticks 
off  man  and  anirnals  were  submitted  to  Clemson  University  for  identification  t 
and  to  this  laboratory  for  examination  of  rickettsial  agents.  Of  900  ticks 
(732  Dennacentor  variabilis,  88  Amblyomma  americanum,  80  Rhipicephalus 
sanguineuT)  examined,  spotted  fever  group  rickettsiae  were  isolated  from  36 
specimens,  all  D_.   variabilis.  Highest  infection  rates  were  seen  in  ticks 
removed  from  raccoons  (19%)  and  the  lowest  among  those  taken  from  dogs 
(3.6%).  However,  almost  8%   of  D^.  variabilis  taken  from  dogs  in  Birmingham, 
Alabama,  were  infected.  Of  particular  interest  was  the  isolation  of 
R^.  rickettsii  from  a  practically  engorged  D.  variabilis  off  a  patient,  who, 
however,  remained  asymptomatic  and  did  not  develop  antibodies  to  spotted 
fever  rickettsiae.  The  patient  had  no  previous  history  of  spotted  fever  or 
vaccination. 

In  addition  to  above  cited  36  rickettsial  isolations,  24  £.  variabilis 
and  15  A.  americanum  were  infected  with  rickettsia-like  microorganisms 
nonpathogenic  for  test  animals. 

Dr.  D.  J.  Sexton,  EIS  Medical  Epidemiologist  assigned  by  CDC  to  the 
Mississippi  State  Board  of  Health,  requested  help  in  a  study  on  the 
epidemiology  of  spotted  fever  in  that  state.  A  total  of  58  clinically 
diagnosed  spotted  fever  cases  were  questioned  about  symptoms,  tick  bites, 
and  contact  (including  contact  with  tick-infested  dogs).  Multiple  sera 
were  obtained  from  these  cases  and  were  tested  for  antibodies  against 
spotted  fever  antigens  by  complement  fixation  (CF),  microagglutination  (MA), 
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and  indirect  fluorescent  antibody  tests, 
reported  in  NIAID-182. 


The  results  of  these  studies  are 


Of  123  dogs  from  northern  and  central  Mississippi  tested  for 
antibodies  to  R.  rickettsii  by  CF,  7  were  anticomplementary,  41  (35.3%)  had 
antibodies  in  titers  of  ^  1:8.  In  a  control  group  of  dogs  from  metropolitan 
Chicago,  one  only  had  a  titer.  When  tested  by  MA,  86  of  120  (71.5%)  had 
titers  of  I   1:8;  10  of  20  dogs  (50%)  in  the  control  group  were  also  positive. 
The  poor  correlation  between  CF  and  MA  test  results  in  both  Mississippi  and 
Chicago  dogs  strongly  suggests  a  lack  of  specificity  of  the  MA  test. 

Of  129  D^.  variabil  is,  884  R^.  sanguineus,  and  4  A.  americanum 
collected  from  Mississippi  dogs,  only  one  D_.   variabilis  (0.8%)  was  infected 
with  R^.  rickettsii.  On  the  other  hand,  167  IR.  sanguineus  (18.8%)  were 
found  infected  with  a  rickettsial  agent  related  to  the  spotted  fever  group. 
Preliminary  tests  (fluorescent  antibody  staining,  pathogenicity  for  meadow 
voles  and  guinea  pigs,  biologic  behavior  in  chick  embryos,  and  in  various 
types  of  tissue  cultures)  suggest  this  agent  to  be  different  from 
R.  rickettsii  (see  also  NIAID-186). 

2.  Modifications  of  zonal  centrifugation  procedures  for  purifica- 
tion of  spotted  fever  rickettsiae,  mentioned  in  last  year's  report,  have 
led  to  preparations  of  much  higher  purity.  Yields  of  purified  rickettsiae 
per  gram  of  host  tissue  were  as  high  as  0.07  mg  for  yolk  sac  and  5.2  mg  for 
L  cells,  with  about  1  X  10^°  organisms  per  mg  dry  weight.  Results  of 
chemical  analyses  of  2  preparations  of  purified  R^.  rickettsii  from  L  cells 
and  of  2  preparations  from  yolk  sacs  were  similar:  nitrogen  content  varied 
from  11.9  to  12.4%,  phosphorus  from  1.32  to  1.58%,  total  carbohydrate  from 
4.62  to  5.57%,  lipid  from  27.8  to  31.1%,  and  protein  from  63.7  to  68.9%. 

Vaccine  doses  varying  from  0.06  to  0.28  yg  of  purified  material 
reduced  fever  in  guinea  pigs  challenged  with  10^  ID50  of  R^.  rickettsii  to 
half  that  produced  in  controls.  This  compared  with  34.8  yg  and  41 .5  yg  of 
commercial  vaccine  required  to  achieve  the  same  degree  of  protection. 
About  4  times  less  vaccine  was  needed  for  the  intraperitoneal  route  than 
for  the  subcutaneous  route. 


3.  Zonal  rotor-purified  R. 


rickettsii  has  been  evaluated  to  a 

In  the  CF  test. 


limited  degree  in  the  CF,  MA,  and  hemagglutination  tests 
when  compared  with  antigens  prepared  according  to  RML's  standard  procedure 
and  another  obtained  from  CDC,  all  three  gave  similar  titers  against 
specific  antisera.  However,  while  the  standard  RML  and  the  CDC  antigens 
reacted  with  antisera  to  yolk  sac,  the  zonal  rotor  preparation  did  not. 
The  CDC  antigen,  in  addition,  cross  reacted  also  with  Q  and  typhus  sera. 
In  the  MA  test,  the  zonal  rotor-purified  rickettsiae  were  agglutinated  by 
specific  guinea  pig  sera,  although  the  titers  were  generally  lower  than 
those  recorded  by  CF.  Promising  results  were  obtained  also  with  the 
hemagglutination  test  for  which  purified  rickettsiae  were  solubilized  with 


Serial   No.   NIAID-171 


il 


1  1 


sodium  hydroxide  and  adsorbed  to  sheep  red  blood  cells.  In  several 
instances,  antibodies  could  be  detected  in  guinea  pig  sera  which  were 
negative  by  CF.  Such  antibody  levels  at  the  time  of  challenge  with 
virulent  R^.  rickettsii  could  be  correlated  with  protection. 

4.  During  the  past  year,  conditions  for  optimal  development  of 
mouse  L  cell  spinner  cultures  were  established  to  provide  a  system  for 
massive  cultivation  of  R^.  rickettsii  and  related  organisms.  Cell  growth 
was  superior  in  spinner  medium  prepared  from  liquid  concentrates  than  in 
media  from  powder  concentrates.  The  100  ml  rubber-stoppered  Bellco  flasks 
provided  more  efficient  cell  growth  than  did  the  larger  200  ml  and  500  ml 
sizes.  Bellco  multi-stirrers  emit  considerable  heat,  hence  it  was 
necessary  to  modify  each  unit  and  obtain  better  ventilation  in  order  to 
control  temperatures  within  the  cultures.  Quantitation  of  cells,  which,  if 
cells  are  clumped,  has  been  undependable  with  hemacytometers,  has  been 
achieved  with  a  modified  thrombocytocrit,  making  it  possible  to  determine 
the  volume  of  packed  cells  in  1  ml  suspension  following  centrifugation. 

Because  the  parent  L  cell  line  was  found  to  be  more  susceptible  to 
R^.  rickettsii  than  the  variant  line,  L  929,  the  former  has  been  used  even 
though  the  latter  is  supposed  to  be  more  spinner-adapted.  The  time 
required  for  complete  annihilation  of  a  culture  was  shown  to  depend  on  the 
multiplicity  of  infection  (MOI).  In  3  experiments  where  MOI  were  8,  17, 
and  24,  only  5.7%  of  input  cells  were  still  alive  on  the  4th  day.  In 
contrast,  where  MOI  were  0.24  and  0.024,  the  percentage  of  alive  cells  did 

Maximum  infectious  titers  also  varied 
not  seem  to  be  a  reliable  indicator  of 


not  fall 
with  MOI 
over-all 


to  n   until  the  11th  day. 
,  but  infectious  titer  did 
production  of  rickettsiae. 


5.  Exposure  of  R^.  rickettsii  to  specific  immune  serum  does  not 
prevent  the  rickettsiae  from  subsequently  invading  chick  embryo  cells  in 
monolayer  culture  where  they  multiply  and  cause  formation  of  plaques. 
These  findings  are  consistent  with  results  recently  reported  by  Dr.  Wisseman 
for  R^,  prowazeki . 

6.  Additional  attempts  to  cause  a  shift  of  phase  I  to  phase  II  in 
embryonated  eggs  with  cloned  phase  I  C^.  burneti  failed.  Similarly,  it  was 
not  possible  to  cause  a  shift  of  phase  II  to  phase  I  by  guinea  pig  passage 
of  cloned  phase  II  organisms;  the  phase  II  C^.  burneti  could  not  be  passed 
in  guirea  pigs  for  more  than  2  consecutive  times. 

7.  Patients  with  typhus  group  or  spotted  fever  groi;p  rickettsial 
diseases  were  found  to  exhibit  a  wide  spectrum  of  immune  responses  to  both 
spotted  fever  and  typhus  group  antigens.  This  was  demonstrated  by  MA  as 
well  as  immunofluorescence  tests.  Patients  with  epidemic  typhus  fever, 
for  instance,  have  been  shown  to  respond  with  high  titers  of  antibodies 
against  R^.  canada  and  R.  akari .  It  appears  that  the  degree  of  cross 
reactions  elicited  in  patients  with  rickettsial  disease  is  much  greater 
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than  is  the  case  with  experimentally  infected  guinea  pigs.  These  cross 
reactions  occur  primarily  in  agglutination  and  immunofluorescence  tests. 
The  CF  test  appears  to  be  a  much  more  specific  test  for  identifying  ths 
specific  etiologic  agent. 

8.  WHO  Reference  Center  function.  As  a  WHO  Reference  Center,  RML 
supplied  on" request  to  13  domestic  and  foreign  laboratories  13  antigen 
preparations,  6  live  seeds  of  R^.  rickettsii ,  R_.  prowazeki i ,  R.  typhi , 
R^.  Canada,  and  C^.  burneti ,  6  antisera  against  R.   rickettsii ,  "R.  prowazeki i , 
and  C.  burneti 


,  and  100  ml  of  C.  burneti  CAT 
partTcipate  in  the  WHO-sponsored  project  designed 
and  reagents  used  in  the  diagnosis  of  rickettsial 


antigen.  We  continued  to 
to  standardize  methods 
infections. 


as 


Significance  to  biomedical  research  and  the  program  of  the  Institute: 

The  steadily  increasing  number  of  spotted  fever  cases,  especially 
in  the  South  Atlantic  and  East  South  Central  states,  where  427  of  a  total 
of  635  U.S.A.  reported  cases  occurred  during  1973,  has  prompted  medical  and 
public  health  authorities  to  seek  assistance  in  studies  pertaining  to  the 
occurrence  and  prevention  of  this  disease.  Our  observations  in  South 
Carolina,  Alabama,  and  Mississippi  clearly  show  the  high  endemicity  of 
spotted  fever  in  these  areas  and  the  exposure  of  people  in  rural  as  well 
urban  environments.  They  also  suggest  that  the  ecology  of  R^.  rickettsii 
is  far  more  complex  than  has  been  generally  assumed;  new  rickettsi a/tick 
associations  have  been  discovered  and  appear  to  be  involved  in  human 
disease. 

Our  cooperative  studies  with  Dr.  Adkins  constitute  a  significant 
step  forward  in  the  prevention  of  spotted  fever  through  education  of  the 
general  public.  Through  public  media  the  people  of  South  Carolina  were 
informed  that  spotted  fever  is  not  a  "historical  curiosity"  but  a  serious 
current  health  problem.  To  this,  the  public  responded  with  great  interest 
and  enthusiasm  as  indicated  by  the  large  number  of  ticks  (900)  received 
for  hemolymph  tests  for  rickettsiae. 


of  a  s 
agents 
vector 
(at  le 
as  the 
Missis 
tick  b 
detick 


Detection  in  and  isolation  from  the  brown  dog  tick,  R.  sanguineus, 
potted  fever  group  rickettsia  different  from  previously  described 

represents  the  first  incrimination  of  this  tick  as  a  rickettsial 

in  the  United  States.  R.  sanguineus  is  said  to  feed  on  dogs  only 
ast  in  this  country)  and  rarely  bites  man.  However,  itssigmficance 

source  for  human  infections  is  indicated,  particularly  in 
sippi,  where  numerous  spotted  fever  cases  were  not  associated  with 
ites.  Contraction  of  the  causative  agent  from  crushed  ticks  during 
ing  of  dogs  appears  likely. 


Purification  of  R.  rickettsii  by  zonal  rotor  centnfugation  is  an 
important  step  toward  more  effective  diagnostic  rickettsial  reagents. 
Rickettsiae  purified  by  this  method  are  far  more  immunogenic  than  are 
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preparations  used  in  cornmercially  available  vaccines,  and,  when  used  in  the 
CF  test,  they  do  not  react  with  sera  against  other  rickettsiae  or  against 
egg  antigens. 

Mass  production  of  R^.  rickettsii  and  possibly  of  other  rickettsiae 
in  mouse  L  cell  spinner  cultures  appears  now  possible  without  having  to 
go  through  the  monolayer  step. 

The  mechanism  of  phase  change  in  C^.  burneti  is  still  an  obscure 
phenomenon.  However,  discovery  that  cloned  phase  I  strains  are  more  stable 
than  the  parent  strains  is  of  importance  in  the  production  of  vaccines 
against  Q  fever  and  of  reliable  reagents  for  diagnostic  tests. 

The  finding  that  specific  antiserum  against  R^.  rickettsii  does  not 
prevent  this  organism  from  invading  and  multiplying  in  primary  chick  embryo 
fibroblasts  has  importance  in  understanding  the  persistence  of  rickettsial 
infections  in  immune  persons,  and  suggests  a  possible  mechanism  for  the 
long-term  persistence  of  rickettsiae  in  animal  hosts.  It  also  suggests 
that  the  previously  demonstrated  potency  of  immune  serum  in  passively 
transferred  immunity  depends  upon  the  presence  of  specific  phagocytic  cells 
as  well  as  humoral  antibodies. 

The  degree  of  serologic  cross  reactions  found  within  the  typhus- 
spotted  fever  complex  indicates  that  epidemiologic  studies  on  specific 
rickettsial  infections  cannot  be  done  reliably  without  the  use  of 
representative  antigens  from  both  major  groups,  and,  at  this  point,  the  CF 
test.  Oil  the  other  hand,  it  suggests  development  of  a  universal  reagent 
for  the  diagnosis  of  rickettsial  disease  caused  by  any  member  of  the  typhus 
and  spotted  fever  groups.  Although  of  limited  usefulness  in  epidemiologic 
surveys,  such  a  test  may  be  of  value  in  treatment  of  rickettsial  disease 
patients. 

The  WHO-supported  collaborative  study  on  laboratory  diagnosis  of 
rickettsial  infections  will  eventually  lead  to  standardized  serologic 
techniques  and  reagents. 

Proposed  course  of  project: 

Guidance  and  support  to  outside  agencies  (health  departments, 
universities,  research  laboratories,  etc.)  with  emphasis  on  teaching 
investigators  the  recently  developed  techniques  in  rickettsiology,  will 
continue  to  be  a  major  function  of  RML's  Rickettsial  Diseases  Section. 
Since  education  of  the  general  public  is  the  most  important  role  in 
prevention  of  spotted  fever,  local,  regional,  and  state  health  laboratories 
throughout  the  South  Atlantic  and  East  South  Central  states  will  be 
encouraged  to  initiate  campaigns  and  tick  surveys  similar  to  those  conducted 
in  South  Carolina.  In  addition,  a  workshop  is  presently  being  organized  by 
the  South  Carolina  State  Health  Department  and  by  this  laboratory  to  teach 


12 


Serial  No.  NIAID-171 


technical  personnel  there  the  application  of  the  hemolymph  test  as  a 
dependable  and  rapid  tool  for  detection  of  rickettsial  agents  in  ticks 
taken  off  people  or  vegetation.  Invitations  for  participation  have  been 
issued  also  to  research  centers  and  health  laboratories  in  the  neighboring 
states  Florida,  Georgia,  Alabama,  Tennessee,  Kentucky,  and  North  Carolina. 
If  successful,  similar  workshops  are  anticipated  in  other  parts  of  the 
country. 

Characterization  and  identification  of  the  newly  detected  spotted 
fever  group  rickettsia  in  R.  sanguineus  will  be  continued.  In  addition,  a 
project  is  planned  in  cooperation  witn  Dr.  Nonnent,  State  College, 
Mississippi,  to  determine  distribution  and  significance  of  IR.  sanguineus 
as  a  vector  of  rickettsial  agents  in  Mississippi. 


The  role  of  Amblyomma  ticks  in  the  ecology  of  R.  rickettsii  will 
the  subject  of  an  investigation  with  Dr.  J.  A.  Hair,  Oklahoma  State 
University,  Stillwater,  Oklahoma. 


be 


Rickettsia-like,  nonpathogenic  microorganisms  isolated  from 
D^.  andersoni ,  D^.  variabilis,  and  A.  americanum  will  be  grown  on  tissue 
and  purified  for  studies  of  their  relationship  to  pathogenic 


cultures 
rickettsial 


agents, 


Studies  pertaining  to  the  antigenic  relationship  between  the  spotted 
fever  and  typhus  groups  will  be  continued.  Attempts  will  be  made  to 
isolate  and  identify  antigenic  components  held  in  common,  to  identify  the 
diagnostic  and  protective  antigens,  and  to  establish  the  nature  of  immune 
responses  to  them  in  animals  and  man. 

Additional  work  is  planned  to  perfect  mouse  L  spinner  cultures  for 
mass  production  of  rickettsiae.  Rickettsial  growth  in  tissue  culture 
systems  will  be  further  investigated  in  an  effort  to  clarify  the  complex 
relationship  between  host  cell  and  intracellular  parasite,  and  to  find 
ways  in  which  this  may  be  modified  or  controlled. 

Research  will  be  continued  on  the  mechanism  of  phase  change  in 
C_.  burneti ,  and  attempts  will  be  made  to  estimate  the  occurrence  of 
chronic  and  recrudescent  disease  caused  by  this  agent. 

RML  will  continue  to  serve  as  a  WHO  Reference  Center  and  to 
participate  in  the  WHO-sponsored  world-wide  project  on  standardization  of 
laboratory  diagnosis  of  rickettsial  infections. 


13 


/n 


Serial  No.  NIAID-171 


Honors  and  Awards: 
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Dr.  R.  A.  Qmisbee 

Presented  papers  by  invitation  at  the  IX  International  Congress  of 
Tropical  Medicine  and  Malaria,  Athens,  Greece,  and  at  seminars  at 
the  Institute  of  Virology,  Slovak  Academy  of  Sciences,  Bratislava, 
Czechoslovakia,  and  the  Department  of  Microbiology,  University  of 
Maryland  School  of  Medicine,  Baltimore, 

Served  as  Co-Chairman  of  the  Section  on  Rickettsial  Disease  at  the 
IX  International  Congress  of  Tropical  Medicine  and  Malaria,  Athens. 

Appointed  Chairman  pro  tem  of  the  Subcommittee  on  the  Taxonomy  of 
the  Rickettsiales,  International  Committee  on  Systematic  Bacteriology 
of  the  International  Association  of  Microbiological  Societies. 

Awarded  a  Certificate  of  Appreciation  by  the  Surgeon  General,  Dept.  of 
the  Army,  for  past  service  as  a  member  of  the  Commission  on  Rickettsial 
Diseases. 


Publications: 


Tyeryar,  F.  J. ,  Jr. , 
Ormsbee,  R.  A.:  DNA 
415-417,  1973. 


Weiss,  E.,  Millar,  D.  B.,  Bozeman,  F.  M.,  and 
base  composition  of  rickettsiae.  Science  180: 


on 


Burgdorfer,  W.:  Possible  extra-human  reservoirs  of  Rickettsia 
prowazeki :  ticks.  In  Proceedings  of  the  International  Symposium 
the  Control  of  Lice  and  Louse-Borne  Diseases.  Washington,  D.C. , 
Pan  American  Health  Organization,  Scientific  Publ .  No.  263,  1973, 
pp.  109-113. 

Ormsbee,  R.  A.:  The  hypothesis  of  extra-human  reservoirs  of 
Rickettsia  prowazeki .   In  Proceedings  of  the  International  Symposium 
on  the  Control  of  Lice  and  Louse-Borne  Diseases.  Washington,  D.C, 
Pan  American  Health  Organization,  Scientific  Publ.  No.  263,  1973, 
pp.  104-109. 

Cooney,  J.  C.  and  Burgdorfer,  W.:  Zoonotic  potential  (Rocky  Mountain 
spotted  fever  and  tularemia)  in  the  Tennessee  Valley  region. 
I.  Ecologic  studies  of  ticks  infesting  mammals  in  La.id  Between  the 
Lakes.  Am.  J.  Trop.  Med.  Hyg.  23:  99-108,  1974. 
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Burgdorfer,  W.,  Cooney,  J.  C,  and  Thomas,  L.  A.:  Zoonotic  potential 
(Rocky  Mountain  spotted  fever  and  tularemia)  in  the  Tennessee  Valley 
region.  II.  Prevalence  of  Rickettsia  rickettsi  and  Francisella 
tularensis  in  mamrnais  and  ticks  from  Land  Between  the  Lakes   .Am  J 
Trop.  Med.  Hyg.  23:  109-117,  1974.  ' 

Burgdorfer,  W.,  Ormsbee,  R.  A.,  Schmidt,  M.  L.,  and  Moogstraal ,  H.: 
A  search  for  the  epidemic  typhus  agent  in  Ethiopian  ticks.  Bull.  WHO 
48:  563-569,  1973.  


In  press: 

Burgdorfer,  W.:  Rickettsioses.  (Introduction,  Rocky  Mountain  spotted 
fever,  Boutonneuse  fever.  North  Asian  tick  typhus,  Queensland  tick 
typhus.  Rickettsialpox,  Murine  (flea-borne)  typhus  fever.  Scrub  typhus, 
Q  fever).  In  Hubbert,  W.  T. ,  McCulloch,  W.  F.,  and  Schnurrenberger, 
P.  R.  (Eds.):  Diseases  Transmitted  from  Animals  to  Man  (ed.  6). 

Burgdorfer,  W.:  Rickettsial  Diseases.  (Introduction,  Epidemic 
(louse-borne)  typhus.  Murine  (flea-borne)  typhus.  Rickettsialpox, 
Queensland  tick  typhus.  Trench  fever).  In  Hunter,  G.  W.,  Frye,  W.  W., 
and  Swartzwelder,  J.  C.  (Eds.):  Manual  of  Tropical  Medicine  (ed.  5). 

Ormsbee,  R.  A.:  Rickettsiae.  In  Blain,  J.  E.,  Lennette,  E.  H.,  and 
Truant,  J.  P.  (Eds.):  Manual  of  Clinical  Microbiology  (ed.  2). 

Ormsbee,  R.  A.:  Rickettsioses.  In  Hunter,  G.  W.,  Frye,  W.  W.,  and 
Swartzwelder,  J.  C.  (Eds.):  Manual  of  Tropical  Medicine  (ed.  5). 
(Q  fever  (Revision),  American  spotted  fevers,  Related  spotted  fevers 
and  rickettsioses). 
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2.  Zoonoses  Section 

3.  Hamilton,  Montana 

PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 

Project  Title:  Selected  zoonoses  of  regional  importance 

Previous  Serial  Number:  Same 

Principal  Investigator:  J.  F.  Bell 

Other  Investigators:  H.  G,  Stoenner 

Cooperating  Units:  Dr.  D.  C.  Blenden,  Microbiology,  University  of 

Missouri,  Columbia 
Dr.  H.  Fred  Clark,  Wistar  Institute,  Philadelphia,  Pa. 
Fukushima  Medical  College,  Fukushima,  Japan: 

Dr.  Nobuo  Kusonoki  and  Dr.  Yo  Yamagata 
Dr.  Steven  Harris,  Pathology,  Veterans  Administration 

Hospital,  San  Diego,  Calif. 
Dr.  Fred  Hochberg,  Neuropathology,  Massachusetts 

General  Hospital,  Boston 
Dr.  Robert  Hoffman,  Zoology,  University  of  Kansas, 

Lawrence 
Dr.  Shoichiro  Ohara,  Director,  Laboratory  of  Ohara 

General  Hospital,  Fukushima 
Dr.  D.  P.  Perl,  Neuropathology,  Brown  University 

Medical  School,  Providence,  R.I. 


Other  NIH 
Personnel 
Assigned  to 


Man  Years 

Lab  Staff 

Project 

Workers 

Total 

Total : 

3  10/12 

3  10/12 

Professional : 

11/12 

11/12 

Other: 

2  11/12 

2  11/12 
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Project  Description: 

Objectives: 

To  detennine  the  source  and  significance  of  contamination  of  streams 
by  Francisella  tularensis,  the  ecology  of  the  rabies  virus,  the  pathogenesis 
of  rabies,  and  central  nervous  system  (CNS)  immunology. 

Methods  employed: 

Field  work  in  ecology  and  routine  laboratory  techniques  of 
microbiology,  entomology,  and  immunology  are  employed  as  necessary  for 
surveillance  of  regional  outbreaks  of  disease. 

Major  findings: 

1.  Tularemia.  During  epizootics  of  tularemia  in  microtine  rodents 
in  the  Northern  Hemisphere  in  both  the  Old  World  and  New  World,  natural 
streams  can  be  heavily  contaminated  with  £.  tularensis.  Hence,  there  is 
inference  that  these  rodents  are  responsible  for  contamination  of  water 
also  during  enzootic  periods.  However,  the  source  of  the  protracted 
contamination  so  frequently  seen  cannot  be  attributed  to  carcasses  of 
infected  animals,  and  (except  for  one  observation  of  bacteriuria  in  a 
naturally  infected  vole  at  this  laboratory)  infection  of  voles  with 
virulent  type  B  organisms  causes  only  acute  infections.  We  have  produced 
chronic  infections  in  beavers,  voles,  and  mice  by  vaccination  with 
attenuated  live  organisms  and  subsequent  inoculation  of  virulent  bacteria. 
We  have  also  produced  chronic  bacteriuria,  but  only  in  voles.  This  is  a 
completely  artificial  mechanism  without  a  known  counterpart  in  nature.  But 
in  recent  experiments,  chronic  bacteriuria  was  produced  by  feeding 
increasing  doses  of  virulent  organisms,  a  means  by  which  infection  could 
occur  in  nature.  We  believe  that  this  could  account  for  contamination  of 
streams  in  interepizootic  periods. 

The  histopathology  of  chronic  shedding  tularemia  pyelonephritis  is 
being  studied  in  collaboration  with  several  Japanese  pathologists.  Renal 
infection  is  generally  thought  to  result  from  ascending  bacterial  invasion. 
Our  results  are  difficult  to  explain  on  the  basis  of  a  hematogenous  route. 
Limitation  thus  far  of  chronic  pyelonephritis  to  voles  is  puzzling. 

2.  Rabies. 

a.  Effects  of  a  hyperthermic  ambient  upon  the  progression  of 
rabies  infection  in  mice  are  more  complex  than  they  first  appeared  to  be. 
Contrary  to  published  statements  about  other  species,  mice  have  lower-than- 
normal  temperatures  at  onset  of  infection.  High  ambient  temperatures  that 
have  relatively  little  effect  on  body  temperatures  of  normal  mice 
significantly  raise  the  temperatures  of  infected  mice.  We  had  ascertained 
that  reduction  in  mortality  and  increase  in  abortive  infection  were 
proportional  to  the  total  time  infected  mice  were  exposed  to  increased 
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ambient  temperature.  Recent  observations  show  that  delayed  exposure  to 
hyperthermia  during  the  incubation  period  delays  onset  of  illness. 

b.  Rabid  bats  (4)  were  found  for  the  20th  consecutive  year— 
probably  a  record.  It  is  significant  that  no  other  species  of  animal  has 
been  found  rabid  in  this  area  during  that  time. 

A  colony  of  Epesticus  fuscus  bats  resident  in  the  attic  of  a 
local  hospital,  from  which  a  rabid  bat  had  been  obtained,  was  captured  for 
observation  and  study.  There  was  no  evidence  of  carrier  rabies  or 
recovery  from  rabies  infection  in  the  remainder  of  the  colony. 

We  are  collaborating  with  Dr.  R.  Hoffman  on  the  distribution  of 
bats  in  Montana.  Several  species,  some  of  which  are  common,  have  been 
reported  for  the  first  time  in  the  state. 

c.  Investigation  of  efficacy  of  various  rabies  vaccines,  both 
experimental  and  commercial,  has  revealed  marked  differences  in  mechanisms 
of  action,  effective  routes  of  administration,  undesirable  side  effects, 
and  usefulness  in  primary  and  sequential  application.  The  iimiunity 
elicited  is  enhanced  by  inoculation  of  different  kinds  of  vaccines  in 
primary  and  booster  inoculations.  Moreover,  allergic  reactions  to 
successive  inoculations  are  reduced. 


M 


d.  The  histopathology  of  spontaneous  abortive  rabies  is 
unknown  except  for  sporadic  reports  of  individual  cases.  In  collaboration 
with  Dr.  Hochberg,  we  are  studying  the  progression  of  changes  in  the  CNS 
from  onset  of  infection  to  recovery. 

Dr.  Blenden  and  associates  are  studying  the  occurrence  of  rabies 
antigen  (detected  by  FA)  in  the  skin.  Our  techniques  for  producing 
abortive  rabies  have  enabled  them  to  extend  their  work  to  late  stages  of 
infection  and  recovery.  Results  thus  far  indicate  that  antigen  disappears 
during  recovery. 

Clinical  and  immunologic  observations  have  been  continued  on  5 
dogs  and  one  cat  that  survived  rabies  infection  several  years  ago.  One  dog 
had  minor  sequelae  but  the  cat  severe  sequelae.  During  repeated  monitoring 
of  antibody  content  in  its  serum  and  cerebrospinal  fluid  (CSF),  we  observed 
that  titers  increased  when  the  condition  of  the  cat  progressively  deterio- 
rated. The  cat  was  killed  3  years  after  inoculation  because  of  hindlimb 
paralysis,  fasciculation  of  thigh  muscles,  and  general  deterioration,  and 
subjected  to  intensive  study  here  and  at  Brown  University  by  Dr.  Perl.  It 
appears  that  the  cat  had  chronic  progressive  rabies  of  long  duration. 

Continued  studies  on  CNS  immunity  have  shown  that  not  all  forms 
of  encephalitis  result  when  CNS  antibodies  are  present.  Animals  recovered 
from  rabies  (or  with  chronic  rabies)  maintain  significant  CSF  titers  for  at 
least  4  years— the  longest  period  tested.  However,  rabies  antibodies 
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induced  by  vaccination  with  either  live  or  inactivated  vaccine  do  not 
appear  in  the  CSF  in  significant  titer,  even  when  serum  titers  are  very 
high.  Serum  antibodies  to  other  antigens  do  not  appear  in  the  CSF  in 
abortive  rabies,  and  abortive  Western  equine  encephalitis  does  not  (in 
limited  tests)  give  rise  to  antibodies  in  the  CSF.  In  continued 
experiments,  we  have  found  that  experimental  allergic  encephalitis  (EAE) 
does  not  breach  the  barrier;  antibodies  in  the  serum  do  not  appear  in  the 
CSF. 


3.  Relapsing  fever.  Borrel ia  hermsii  has  row  been  carried  through 
35  subcultures  in  Kelly's  medium,  ^judged  by  generation  time,  maximum 
growth,  and  length  and  motility  of  the  organism,  the  process  of  adaptation 
to  growth  in  the  medium  extended  through  at  least  11  passages.  More  than 
800  organisms  in  mouse  plasma  were  required  to  establish  growth  in  this 
medium,  but  only  a  single  organism  of  a  fully  adapted  passage  (25th)  was 
required  for  a  successful  subculture. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 

The  experimental  production  of  chronic  (fatal)  shedding  tularemia 
nephritis  in  voles  demonstrates  the  potential  ability  of  infected  voles  to 
contaminate  soil  and  water.  A  previous  hypothesis  about  the  source  of 
contamination  emphasized  the  role  of  mud  as  a  growth  medium  in  lotic  waters. 
But  F_.  tularensis  fails  to  grow  on  excellent  media  at  the  temperatures  of 
naturally  contaminated  streams.  If  voles  are  the  principal  or  only  source 
for  contamination  of  waters,  access  of  voles  to  rural  domestic  water 
supplies  should  be  eliminated. 

The  ability  of  F_.  tularensis  to  cause  chronic  interstitial  nephritis 
in  voles,  but  not  in  mice  or  beavers,  has  not  been  explained.  We  hope  that 
further  inquiry  into  the  fundamental  differences  in  the  responses  of  these 
species  to  this  organism  may  lead  to  a  better  understanding  of  the 
pathogenesis  of  pyelonephritis  and  the  genesis  of  hematogenous  kidney 
lesions. 


Our 


Inhibition  of  infection  by  several  viruses  in  homiothermic  animals 
and  by  rabies  virus  in  bats  has  been  recorded,  but  effects  of  a  high 
thermic  ambient  on  rabies  infection  has  not  previously  been  described, 
earlier  studies  that  showed  diminished  mortality  and  increased  abortive 
infection  in  proportion  to  time  of  exposure  to  high  ambient  temperature 
suggested  direct  effect  of  temperature  upon  virus.  The  subsequent 
observation  that  delayed  exposure  delays  onset  of  infection  reveals  that 
inhibition  is  probably  ohysiologic.  Temperature  at  onset  of  infection  is 
lowered  rather  than  increased,  as  reported  in  the  literature.  Although 
temperature  at  onset  can  be  raised  significantly  by  prior  and  continued 
exposure  to  high  ambient  temperature  (a  reaction  that  increases  survival), 
exposure  to  high  ambient  temperature  after  onset  is  not  advantageous, 
"therefore,  induced  hyperpyrexia  would  not  seem  to  be  useful  in  therapy. 
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Continuous  occurrence  of  rabies  in  bats  for  20  years  in  this  area 
and  absence  of  known  rabies  in  any  other  species  reinforces  the  concept  of 
compartmentalization  of  the  disease.  There  is  reason  to  believe  that  it  is 
essentially  a  disease  of  one  species,  £.  fuscus.  The  disease  should  be 
considered  a  continuous  "natural"  occurrence  in  a  population  (rather  than 
an  episodic  catastrophe)  that  merits  constant  vigilance  rather  than 
hysterical  reaction. 

Observations  on  CNS  antibodies,  largely  resulting  from  investigations 
in  our  laboratory  for  many  years,  are  only  beginning  to  be  recognized  and 
used  in  human  medicine.  These  observations  are  of  value  in  the 
differential  diagnosis  of  postinfectious,  postvaccinal  and  allergic 
encephalopathies,  in  the  identification  of  abortive  rabies  infection  in 
animals,  and  in  tracing  the  course  of  chronic  or  recrudescent  CNS  rabies 
infection. 

Persistence  of  rabies  antibody  in  the  CSF  for  years  after  CNS 
infection  implies  that  antigenic  stimulation  is  continuous.  If  antibodies 
are  produced  in  situ,  the  persistence  needs  explanation.  If  antibodies  are 
produced  peripherally  (unlikely)  and  continue  to  penetrate  the  blood/brain 
barrier,  continued  permeability  of  that  barrier  long  after  subsidence  of 
infection  is  also  puzzling. 

Zlotnik  and  Grant  (1973)  showed  marked  differences  in  the  histologic 
reaction  of  the  CNS  to  IC  challenge  with  virulent  virus  after  vaccination 
with  live  and  inactivated  rabies  vaccines.  Our  studies  have  shown  the 
reaction  of  immunity  in  abortive  rabies  without  prior  immunization.  There 
is  increasing  evidence  that  allergic  reaction  in  CNS  infection  at  times  is 
responsible  for  severe  damage  to  the  CNS  and  for  sudden  death.  About  one 
of  600  cases  of  measles  severely  involves  the  CNS  and  results  in  distressing 
sequelae.  Many  other  infectious  agents  (e.g.,  mumps,  vaccinia,  herpes, 
Coxsackie,  arboviruses,  poliovirus,  Papovaviruses)  also  infect  the  CNS  and 
cause  dire  immediate  effects  and  severe  sequelae.  In  view  of  the  frequency 
and  severity  of  these  occurrences,  it  is  astonishing  that  NIAID  relegates 
this  study  to  very  low  priority  and  gives  it  very  poor  support. 

Cereghino  states  (and  I  agree)  that  the  definitive  diagnosis  of 
rabies  during  life  is  difficult.  Correlation  of  skin  antigen  with  active 
infection  could  be  useful  in  that  regard.  The  source  and  significance  of 
the  antigen  are  not  known. 

EAE  seems  to  be  the  equivalent  of  postrabies-vaccinal  encephalitis, 
a  too-frequent  accompaniment  to  vaccination  for  rabies  and  too  often 
confused  with  rabies  encephalitis.  Failure  of  EAE  to  breach  the  blood/brain 
barrier  means  that  the  two  conditions  can  be  differentiated  by  the  finding 
of  rabies  antibodies  in  the  CSF  in  abortive  rabies,  but  not  in  postvaccinal 
encephalitis. 


'\ 
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Proposed  course  of  project: 


The  success  in  producing  tularemic  nephritis  in  voles  with  chronic 
shedding  of  F.  tularensis  in  urine  has  been  gratifying  because  it  provides 
a  possible  explanation  for  the  natural  contamination  of  streams  and  because 
histopathologic  study  of  the  lesions  is  possible.  Two  manuscripts  on  these 
subjects  are  being  prepared.  The  irregularity  in  producing  nephritis  'its 
limitation  to  voles,  and  the  contamination  of  soil  by  urine  will  be  ' 
subjects  of  continuing  study. 

Bat  specimens  suspected  to  be  rabid  will  be  examined  without 
special  attempts  to  investigate  prevalence.  A  manuscript  on  the  effects  of 
primary  and  booster  vaccinations  is  being  prepared.  The  first  phase  of 
studies  on  hyperthermic  ambient  temperature  has  been  completed.  Work  will 
be  continued  with  temperature  sensitive  mutants.  Histopathology  of 
abortive  and  chronic  rabies  in  mice  will  be  discontinued  when  Dr.  Hochberg 
completes  his  studies.  (The  manuscript  is  expected  soon.)  Studies  of  the 
chronic  disease  in  dogs  and  cats  will  be  continued  with  Dr.  Dan  Perl. 
Elucidation  of  the  factors  responsible  for  chronic  rabies  will  be 
emphasized. 

Work  will  be  continued  on  the  permeability  of  the  blood/brain 
barrier  to  antibodies  formed  in  the  CNS  and  peripherally.  The  puzzling 
persistence  of  CSF  antibodies  long  after  apparent  termination  of  CNS 
}    infection  will  be  investigated  further. 

Honors  and  Awards: 

Dr.  J.  F.  Bell 


Appointment  to  Governor's  (Montana)  Advisory  Council  on  Rodents, 
Predators  and  Rabies  Control. 

Continued  appointment  as  Faculty  Affiliate,  Zoology  Department, 
University  of  Montana. 

By  invitation,  gave  talk  on  "Rabies"  at  University  of  Montana, 
March  7,  1973. 

By  invitation,  gave  talk  on  "Rabies"  at  Saint  Patricks  Hospital, 
Missoula,  July  5,  1973. 

Invited  to  contribute  chapter  on  "Tularemia"  in  Handbook  of  Bacterial 
Infections  in  Animals,  Gustav  Fischer. 
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Publications: 


Stoenner,  H.  G.:  Application  of  serologic  findings  to  the  diagnosis 
of  leptospirosis.  In  Proceedings  76th  Annual  Meeting  of  the  U.S. 
Animal  Health  Association,  Miami  Beach,  Florida,  November  6-9,  1972. 
Richmond,  Va.,  U.S.  Animal  Health  Association,  1973,  pp.  622-634. 

In  press: 

Bell,  J.  F.  and  Munoz,  J.  J.:  Enhancement  of  immune  response  to 
rabies  virus  by  Bordetella  pertussis  extract.  Proc.  Symposium  sur 
la  Rage,  Lyon,  France,  1972. 

Bell,  J.  F.:  Latency  -  abortive  rabies.  In  Baer,  G.  M.  (Ed.): 
The  Natural  History  of  Rabies.  New  York,  Academic  Press. 
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1.  Rocky  Mountain  Laboratory 

2.  Medical  Entomology  and 

Acarology  Section 

3.  Hamilton,  Montana 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title: 


Systematics  and  vector  relationships  of  certain  parasitic 
arthropods 


Previous  Serial  Number:  Same 

Principal  Investigator:  J.  M.  Brennan 

Other  Investigators:  C.  M.  Clifford,  J.  E.  Keirans,  C.  E.  Yunker,  and 

B.  N.  Chaniotis 


Cooperating  Units 


*Miss  Mona  Al  Taqi ,  Univ.  of  Kuwait,  Kuwait 
Dr.  Omar  M.  Amin,  University  of  Wisconsin-Parkside, 

Kenosha 
Brigham  Young  University,  Provo,  Utah:  Mr.  J.  T.  Reed, 

Mr.  R.  Saunders,  Dr.  Selby  Herri n 
*Dr.  A.  Canaris,  Univ.  of  Texas,  El  Paso 
Mrs.  M.  B.  Chitwood,  Primate  Research  Center,  Univ.  of 

Calif. ,  Davis 
Dr.  J.  A.  Hair,  Oklahoma  State  Univ.,  Stillwater 
Dr.  T.  M.  Hefnawy,  Cairo  University,  Cairo,  A.R.E. 
Dr.  R.  E.  Hopkins,  Travenol  Laboratories,  Morton  Grove, 

111. 
Dr.  K.  M.  Howell,  Univ.  of  Dar  es  Salaam,  Tanzania 
*Dr.  Murray  Johnson,  Univ.  Puget  Sound,  Tacoma,  Wash. 
Dr.  R.  B.  Loomis,  Calif.  State  Univ.,  Long  Beach 
Dr.  W.  P.  Melaney,  ARS,  USDA,  Albuquerque,  N.M. 
NAMRU-3,  Cairo,  A.R.E. :  *Dr.  H.  Hoogstraal  and 

Dr.  M.  N.  Kaiser 
Mr.  R.  O'Donnell,  Univ.  Mont.,  Missoula 
*Dr.  T.  A.  Okereke,  Univ.  Benin,  Nigeria 
Pacific  Research  Station  (NIAID),  Honolulu,  Hawaii: 

Dr.  Leon  Rosen  and  Dr.  D.  Gubler 
Mr.  James  Reddell,  Texas  Tech  University,  Lubbock 
Dr.  Jon  P.  Shoemaker,  VA  Hospital,  Huntington,  W.  Va. 
Dr.  D.  Sonenshine,  Old  Dominion  Univ.,  Norfolk,  Va. 
Dr.  D.  E.  Worley,  Vet.  Res.  Lab.,  Montana  State  Univ., 

Bozeman 

^  =  material  identified  in  large  number  or  on  a 
continuing  basis. 
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Other  NIH 
Personnel 


Man  Years 

NIAID 
Lab  Staff 

Assigned  to 
Project 

Guest 
Workers 

Total 

Total : 

7   2/12 

7   2/12 

Professional : 

2  10/12 

2  10/12 

Other: 

4   4/12 

4   4/12 

I 


Contract  Support: 


Contract 
Number 


Project 
Officer 
(NIAID) 


Contractor 


Contractor's 
Project  Director 


Annual 

Funding 

Level 


PL 

03 


■480 
-005- 


1 


C. 
J. 
H. 


Clifford 

Keirans 

Stoenner 


NAMRU-3 
Cairo,  Egypt 


H.  Hoogstraal 


$60,360 


Project  Description: 

Objectives: 

Taxonomy,  biology,  and  colonization  of  parasitic  arthropods  of  known 
and  potential  medical  importance. 

Methods  employed: 

Standard,  adapted,  and  conceived  techniques  for  collecting,  handling, 
rearing  and  colonizing  parasitic  arthropods  and  their  preparation  for 
taxonomic  study.  Collaboration  with  appropriate  sections  at  RML  and  other 
agencies  and  institutions.  Identification  and  clarification  of  systematic 
problems,  principally  of  ticks  and  parasitic  mites. 

Major  findings: 

1.  Ticks  (Clifford  and  Keirans).  An  extensive  manuscript  on  the 
species  of  Ixodes  from  Nepal  has  been  completed.  Previous  to  this  work 
only  2  species  were  known  from  Nepal.  We  now  recognize  4  subgenera  and  at 
least  15  species. 

A  species  of  a  remarkable  new  genus  of  Argasidae  has  been  collected 
in  a  bat  cave  in  Campeche,  Mexico,  and  is  presently  being  described  with 
the  aid  of  the  scanning  electron  microscope  (SEM).  This  will  be  the  first 
new  tick  genus  described  with  SEM  photos  supplementing  line  drawings. 
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Two  new  subgenera  of  Ixodes  and  2  new  species  of  Amblyomma  were 
described,  and  identifications  were  made  for  various  individuals  and 
organizations  as  requested. 

Because  of  the  transfer  of  Dr.  Hoogstraal's  extensive  library  and 
tick  collection,  space  adjustments  are  being  made  in  the  library  for  a 
special  section  to  house  the  Hoogstraal  collection. 


Dr. 


PL-480  project  03-005-1  included  an  on-site  visit  to  NAMRU-3  by 
Keirans. 


Scanning  electron  microscopy.  An  intensive  study  has  been 
initiated  on  African  species  of  the  economically  important  genus 
Rhipicephalus.  This  taxonomically  difficult  genus  contains  at  least  40 
species,  several  of  which  transmit  a  variety  of  pathogenic  organisms  to 
cattle,  horses,  sheep,  and  other  livestock.  With  the  SEM  we  have  detailed 
specific  characters,  not  seen  by  classical  methods,  within  species- 
complexes  such  as  the  sanguineus  group. 

Computerization  of  tick  data.  The  plans  to  computerize  the  data 
concerning  the  RML  and  NAMRU-3  tick  collections  are  formalized  and  we  are 
hopeful  that  a  contract  will  be  awarded  this  spring.  The  final  agreement 
is  to  award  the  contract  locally  and  have  the  work  done  at  the  RML.  This 
will  save  the  government  several  thousands  of  dollars  and,  in  our  opinion, 
will  result  in  a  better  effort  for  all  parties  concerned. 


2. 
parasitic 


Parasitic  mites  (Yunker) . 


Methodology  for  SEM  visualization  of 
These  arachnids,  unlike  ticks,  are 


mites  is  being  developed 
soft-bodied  and  readily  collapse  upon  prolonged  exposure  to  vacuum. 
Infiltration  of  specimens  with  low  molecular  weight  plastic  resins, 
followed  by  partial  polymerization  of  the  resin  and  its  removal  from  the 
exterior  of  the  specimen  by  solvent  washes  have  yielded  promising  initial 
results.  Further  tests  are  in  progress. 

The  project  entitled  Biochemical  taxonomy  of  ticks  (see  last  year's 
report)  continues  to  languish  due  to  lack  of  insectary  support. 

A  review  of  South  American  species  of  the  large  parasitic  mite 
genus  of  Hirstionyssus  was  completed  and  is  in  press. 

3.  Susceptibility  of  Aedes  (Stegomyia)  mosquitoes  to  dengue  virus 
(Chaniotis).   The  objective  of  this  and  related  studies  is  to  produce  a 
mosquito  strain  refractory  to  dengue  viruses  and  able  to  compete  favorably 
under  natural  conditions.  At  RML  work  has  focused  on  testing  susceptibility 
of  Aedes  aegypti  (Niue  strain),  Ae.  albopictus  (Oahm  strain),  and  Ae. 
polynesiensis  (Samoan  strain)  to  dengue  1.  The  3  species  of  mosquitoes  are 
fed  simultaneously  undiluted,  1:10,  and  1:100  virus  suspensions  consisting 
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of  equal  parts  of  virus,  erythrocytes  (guinea  pig)  and  10%  sucrose 
solution.  After  an  extrinsic  incubation  period  of  21  days  at  82°  F  the 
mosquitoes  are  harvested,  frozen  at  -70°  C  and  shipped  to  PRS  in  Honolulu 
where  the  frequency  of  infection  and  virus  titers  are  determined  by  direct 
fluorescent  antibody  technique,  and  plaque  assay  in  tissue  culture.  Major 
findings  and  significance  of  the  project  to  biomedical  research  are  to  be 
reported  by  Dr.  Leon  Rosen  in  his  annual  report.  Proposed  course  of  the 
project  awaits  assessment  of  the  results  of  the  current  experiments. 

4.  Chiggers  (Brennan).  A  rather  large  review  of  Venezuelan 
chiggers  (135  species  in  38  genera)  is  completed  and  in  press  as  is  a 
study  of  the  medically  important  genus  Eutrombicula  (22  species)  of  the 
Neotropical  fauna.  Relative  to  chigger  systematics,  4  manuscripts  have 
been  published  and  2  are  in  press. 

Three  new  genera  and  11  new  species  of  Neotropical  chiggers  were 
described,  and  identifications  were  provided  as  requested.  A  study  of 
Surinam  chiggers  is  being  continued. 

5.  Colonies  of  medically  important  arthropods.  In  1973  the  RML 
insectary  provided  1,199  ticks  of  6  species  for  research  needs  at  RML  and 
elsewhere.  This  figure  is  down  from  155,890  specimens  provided  in  1972. 
This  very  drastic  reduction  in  numbers  clearly  reveals  the  need  for  a 
full -time  insectary  attendant.  The  research  goals  among  staff  members  at 
RML  and  at  other  research  facilities  using  parasitic  arthropods  supplied 
by  our  insectary  are  being  seriously  impeded  because  of  this  unfortunate 
personnel  policy. 

Currently,  29  tick,  2  mite,  and  4  mosquito  species  are  under 
colonization. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 


As  in  the  past 
their  systematic  stud 
The  taxonomically  and 
addition  to  providing 
for  information  invol 
important  arthropods, 
of  entomophobia.  Ove 
provided.  The  arthro 
transmission  studies, 
etc. 


,  where  arthropods  are  concerned  in  human  disease, 
ies  are  a  requisite  to  all  research  issuing  therefrom. 

biologically  trained  personnel  of  this  section,  in 

numerous  identifications,  are  frequently  consulted 
ving  protection  from  and  control  of  medically 

and  are  even  appealed  to  for  aid  in  solving  proDlems 
r  and  above  basic  research,  various  services  ara 
pod  colonies  are  used  in  arthropod  tissue  culture, 

establishing  subcolonies,  teaching  rearing  techniques. 


Proposed  course  of  project: 

Continued  investigations  of  parasitic  arthropod  systematics  and 
biology,  and  provision  of  services,  with  emphasis  on  ticks,  mites,  and 
mosquitoes. 
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Project  Description: 

Objectives: 

1)  To  study  fundamental  bases  of  hypersensitivity  and  its  role  in 
disease,  2)  to  investigate  the  mechanisms  of  slow  virus  infections,  3)  to 
find  methods  of  demonstrating  these  viruses  and  to  develop  diagnostic 
immunological  methods,  4)  to  learn  more  about  the  function  of  immuno- 
globulin classes  and  the  factors  that  affect  their  production,  and  5)  to 
study  specific  and  nonspecific  mechanism  of  virus  and  tummor  immunity. 
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Methods  employed: 

Typical  immunological,  biochemical,  biophysical,  and  serological 
techniques  are  used.  Fluorescent  and  isotope  labelling  of  antibodies, 
electron  microscopy,  radioimmunoelectrophoresis,  and  tissue  culture 
techniques  are  widely  used.  Hamsters,  inbred  mice,  mink,  goats,  sheep, 
guinea  pigs,  and  rabbits  are  employed  in  various  aspects  of  this  project. 

Major  findings: 

1 .  Studies  on  cell -mediated  immunity  in  virus  infection  (Lodmell). 

a.  In  vitro  studies  of  cell -mediated  immunity  in  virus 
infections.  A  recently  developed  in  vitro  assay  for  determining  the 
effects  of  leukocytes  on  virus-infected  cells  has  been  used  to  determine  if 
specifically  sensitized  leukocytes  are  more  effective  than  normal 
unsensitized  leukocytes  in  inhibiting  herpes  simplex  virus  (HSV  -  type  I) 
replication.  Peritoneal  exudate  leukocytes  obtained  from  rabbits  that  had 
been  injected  with  complete  Freund's  adjuvant  (CFA)  were  "activated"  by 
incubation  with  tuberculin  (PPD)  and  added  to  monolayers  of  rabbit  kidney 

had  been  infected  with  HSV.  Monolayers  incubated  with  CFA- 
leukocytes  and  PPD  contained  90%  to  99%  less  virus  than 
incubated  with  CFA-sensitized  leukocytes  without  PPD.  The 
of  HSV  replication  by  activated  CFA-sensitized  leukocytes  was 
found  to  be  dependent  upon  several  factors,  including  the  sensitivity  of 
the  leukocytes  to  PPD  as  reflected  by  the  magnitude  of  skin  tests  in 
rabbits,  concentration  of  PPD,  and  the  number  of  leukocytes.  Under  optimal 
conditions,  a  leukocyte-to-target  cell  ratio  of  only  0.1  reduced  the  virus 
titer  by  over  97%.  Also,  activated  splenic  leukocytes  were  much  less 
efficient  in  the  inhibition  of  viral  replication  than  cells  from  the 
peritoneal  exudate.  Supernatant  fluids  resulting  from  the  interaction  of 
PPD  with  CFA-sensitized  leukocytes  markedly  inhibited  HSV  replication. 
Interferon  was  identified  in  these  supernatant  fluids. 

Additional  studies  showed  that  leukocytes  from  rabbits  specifi- 
cally immunized  with  HSV  can  exert  these  same  effects  after  activation  with 
ultraviolet-light-inactivated  HSV  antigen.  As  in  the  case  of  PPD,  super- 
natant fluids  from  the  stimulated  HSV-sensitized  leukocytes  also  contained 
interferon. 

b.  In  vivo  studies  of  host  containment  and  cure  of  virus 
infections.  An  in  vivo  assay  is  being  used  to  determine  ways  to  protect 
the  host  against  skTrTTesions  and  genital  infections  by  herpes  simplex 
(types  I  and  II)  and  vaccinia  viruses.  Preliminary  studies  have  focused 

on  presence  of  various  lymphokines  and  accumulation  of  activated  leukocytes 
at  the  sites  of  infection  as  induced  by  specific  and  nonspecific 
inflammatory  reactions. 


cells  that 
sensitized 
monolayers 
inhibition 
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c.  Genetic  control  of  the  immune  response  in  determining 
resistance  to  herpes  simplex  virus  infection  in  different  murine  strains, 
In  collaboration  with  Dr 
different  murine  strains 
virus  infection  is  being 
strains  were  found  to  be 
were  markedly  resistant, 
to  discern  if  susceptibi 
is  linked  to  the  major  h 
a  multigenic  trait. 


I 


Chesebro,  the  intriguing  observation  that 
vary  markedly  in  resistance  to  herpes  simplex 
investigated.  In  preliminary  results,  3  murine 
highly  susceptible  to  infection,  and  2  strains 
With  this  background  material  we  are  attempting 
lity  to  infection  is  genetically  determined,  if  it 
istocompatibility  locus,  and  if  it  may  possibly  be 


2.  Studies  on  Aleutian  disease  virus  (ADV)  (Bloom  and  Hadlow) 

and  antibody  response  in  mink. 


a.  Assay  of  antibodies  to  ADV 

The  counter  immunoelectrophoresis  (CIEP)  assay  for  ADV  has  been  perfected 
and  used  extensively  in  the  study  of  Aleutian  disease  (AD).  The  relation- 
ship of  antibody  response  to  disease,  the  relationship  of  genotype  to 
antibody  response  and  disease,  and  the  specificity  of  the  reaction  are 
currently  under  study.  The  precipitating  antigen  has  been  found  to  be 
associated  with  the  intact  virion  in  precipitin  lines  examined  by  electron 
microscopy  (EM) . 

In  sapphire  mink  inoculated  with  the  Pullman  virus  isolate, 
antibody  response  seems  tantamount  to  subsequent  disease,  although  with 
high  dilutions  of  virus  a  lag  period  of  up  to  6  weeks  has  been  noted.  In 
pastel  mink  inoculated  with  Pullman  virus,  antibody  formation  occurs  in 
the  absence  of  overt  disease  or  changes  in  the  serum  gamma  globulin.  The 
antibody  response  to  parallel  inocula  of  Pullman  virus  is  significantly 
higher  in  sapphire  mink  than  in  pastel  mink,  and  there  is  evidence  that 
the  antibody  response  in  pastels  may  be  transient. 

The  specificity  of  the  reaction  in  CIEP  has  been  well -documented 
in  normal  mink,  mink  ill  with  other  natural  diseases,  and  mink  inoculated 
with  Keyhole  limpet  hemocyanin  and  goat  red  blood  cells  (rbc).  In  addition, 
18  laboratory  workers  with  high  exposure  histories  have  been  tested  and 
found  to  be  seronegative. 

All  of  the  above  experiments  have  been  done  with  antigen 
prepared  from  the  Porter  isolate  of  ADV.  Plans  include  an  evaluation  of 
the  antibody  response  to  Porter  ADV  and  further  inve.^tigation  of  genetic 
influences  on  the  immune  response  to  the  virus.  Attempts  to  prepare  viral 
CIEP  antigen  from  Pullman  virus  materials  have  so  far  been  unsuccessful. 
However,  if  this  can  be  done,  attempts  to  demonstrate  antigenic  differences 
between  the  2  isolates  have  been  planned. 

3.  Antibody  response  in  in  vitro  spleen  cultures  of  AD-affected 
animals  (Bloom  and  Chesebro).  Using  spleen  cell  cultures  from  infected 
animals  and  ^'+C-labelled  medium,  specific  antibody  formation  to  ADV  in 
vitro  has  been  demonstrated  by  using  combined  autoradiography  and  CIEP. 
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Experiments  are  in  progress  to  utilize  this  technique  to  produce  a  primary 
immune  response  in  vitro  to  the  virus  and  subsequently  to  analyze  the  role 
of  various  cell  populations  in  this  response. 

4.  Studies  on  progressive  pneumonia  virus  (PPV)  (Bloom  and 
Jackson).  Buffy  coats  from  5  goats  inoculated  with  PPV  and  3  controls  were 
examined  in  the  EM.  Virus-like  particles  (VLP)  were  seen  in  polymorpho- 
nuclear leukocytes  and  lymphocytes  from  all  8  goats.  The  VLP  resembled  PPV, 
visna  virus  and  other  members  of  the  oncornavirus  family.  In  vitro 
incubation  of  buffy  coats  with  mitogens  did  not  affect  the  frequency  of  VLP. 
Results  of  studies  for  mycoplasmal  contamination  were  negative. 

Suspensions  of  lung  from  animals  infected  with  PPV  have  been  run 
over  sucrose  gradients  in  attempts  to  purify  PPV.  Using  EM  and  negative 
staining,  particles  of  virus  have  been  seen  at  density  1.16  to  1.18.  It  is 
planned  to  develop  a  reverse  transcriptase  assay  for  PPV  and  to  utilize  it 
both  as  a  tool  in  virus  purification  and  also  as  an  assay  for  PPV  in  tissue 
culture  and  infected  animals. 


5.  Genetic  mapping  and  mechanism  of  action  of  an  H-2-1 inked  host 
gene  involved  in  facilitating  recovery  from  Friend  virus  leukemia  in  mice 
(ChesebroJ^  Analysis  of  mice  with  recombinations  within  the  H-2  region 
indicates  that  the  H-2-1 inked  gene  (RPV-1)  influencing  recovery  from 


Friend's  leukemia  maps  to  the  right  of  the 
IR  region  alleles.  Further  crossovers  are 
locate  more  accurately  the  position  of  the 


present  boundary  of  the  known 
being  studied  at  present  to 
RFV-1  gene  and  to  determine  if 


It  IS 

virus 


different 
leukemia. 


from  the  RGV-1  gene  that  influences  resistance  to  Gross 


Studies  of  the  antiviral  humoral  response  and  viral  proliferation  in 
congenic  mouse  strains  differing  only  at  the  H-2  complex  have  not  explained 
the  differences  in  recovery  rates  from  leukemia  in  one  of  these  strains  of 
mice.  Assays  are  being  developed  to  investigate  the  host  antiviral  and 
antitumor  cellular  immune  response  and  its  role  in  recovery  from  this 
disease. 


The  lymphocytes 
populations,  dis 
For  instance,  B 
easily  detectabl 
(Ig)  and  also  a 
cell  populations 
lymphoid  tissues 
lymph  nodes  and 
chains  and  the  m 
of  the  membrane 


Syrian  hamsters  (Coe 
consist 


and 


Portis) . 
least 


Studies  on  T  and  B  cells  in       

of  man  and  mice  have  been  found  to  consist  of  at  least  2 
tinguished  by  markers  on  the  surface  of  their  membranes, 
cells  (Bursal  equivalent,  antibody  precursor  cells)  have 


B 


e  (i.e.,  by  FA  technique)  membrane  bound  immunoglobulin 
receptor  which  binds  to  complement  (C3  receptor).  T  and 
have  been  defined  using  these  2  markers  in  various 
of  the  Syrian  hamster.  Thirty  percent  of  lymphocytes  in 
50%  of  lymphocytes  in  spleen  have  FA  detectable  Ig  light 
ajority  of  these  (i.e.,  60%)  also  have  C3  receptors.  Most 
bound  Ig  appears  to  be  either  yM  (40%  to  60%)  or  yA 
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(10%  to  40%)  whereas  y2  (5%  to  20%)  and  yi  (<4%)  are  found  least  frequently. 
Further  work  will  analyze  the  functional  significance  of  these  T  and  B 
cells  in  hamster  tumor  immune  models. 

In  collaboration  with  Drs.  Ira  Green  and  George  Diamandopoulos,  two 
SV40  induced  hamster  leukemias  have  been  characterized  as  to  their  T  or  B 
cell  origin.  The  lymphocytes  from  both  tumors  had  only  7Sy2  globulin  on 
their  surface  and  did  not  contain  a  complement  receptor.  Thus,  these 
tumors  originated  from  B  cells.  In  addition,  one  of  the  tumors  synthesized 
7Sy2  protein  which  was  detected  in  the  serum.  This  immunoglobulin  appears 
to  be  of  monoclonal  protein  because  of  its  restricted  electrophoretic 
heterogeneity  and  also  because  it  appears  to  have  "idiotypic"  specificity— 
i.e.,  rabbit  antisera  to  the  isolated  Ig  were  specific  for  this  particular 
protein  after  absorption  with  normal  hamster  serum  or  Ig.  Preliminary 
observations  indicate  that  this  "idiotypic"  antigen  is  also  present  on  the 
membrane  of  the  tumor  cell,  which  suggests  the  identity  of  secreted  and 
membrane  bound  Ig.  Future  work  will  analyze  the  possible  relationship 
between  the  membrane  bound  Ig  and  a  receptor  specific  for  the  SV40  virus. 

7.  Studies  on  immune  system  of  mink  and  sheep  (Coe  and  Portis). 
T  and  B  cell  populations  have  also  been  defined  in  mink  and  sheep,  and 
about  50%  to  60%  of  the  Ig  positive  B  cells  of  mink  have  a  receptor  for  C3. 
Because  mink  with  AD  display  a  distinctly  deranged  immune  system,  a 
quantitative  and  qualitative  study  of  the  distribution  of  B  lymphoctyes  in 
both  lymphoid  organs  and  in  areas  of  cellular  infiltration  may  provide 
clues  as  to  the  nature  of  the  abnormality.  Indeed,  paravascular  lympho- 
cytic infiltrates  1n  sections  of  kidneys  from  AD-affected  mink  bound 
complement,  suggesting  that  B  cells  are  a  prominent  component  of  these 
infiltrates.  In  addition,  diseased  glomeruli  selectively  bound  complement. 
The  nature  and  specificity  of  this  phenomenon  is  being  studied. 


%, 


Characteristically,  serum  gamma  globulin  increases  in  the  AD-affected 
mink.  Because  sapphire  mink  are  more  susceptible  to  AD  virus  than  are 
pastels,  a  quantitative  study  was  made  of  changes  in  serum  yG,  yA,  yM  and 
Bi  C  induced  by  the  disease.  Normal  sapphires  had  two  times  more  yM  and 
yG  and  more  3^  C  than  pastels.  In  AD-affected  mink,  yM  remained  unchanged, 
yA  increased  tremendously  (714%)  in  pastels  and  smaller  increases  in  yG 
were  seen  in  both  color  phases.  In  contrast,  61  C  content  declined  in 
sapphires  but  increased  203%  in  pastels. 

These  data  indicate  that  yA  is  an  important  Ig  in  the  immunology  of 
AD  (showing  the  greatest  relative  increase)  but  only  in  sapphires.  Future 
studies  will  examine  the  relationship  between  Ig  response,  immune  complex 
composition  and  pathophysiology  of  the  disease. 

8.  Immune  response  in  the  hamster  (Coe  and  Portis) .  The  hamster 
responds  to  immunization  with  hen  egg  albumin  (HEA)  in  CFA  by  producing 
both  Yi  and  y2  antibody,  whereas  HEA  in  saline  evokes  only  a  7Syi  response, 
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with  7Sy2  tolerance.  Quantitative  studies  of  this  phenomenon  are  in 
progress  using  the  Jerne  hemolytic  plaque  assay.  Preliminary  results 
suggest  that  the  7Syi  response  is  approximately  10-fold  greater  in  animals 
immunized  with  HEA  in  incomplete  Freund's  adjuvant  than  with  HEA  in  CFA. 
In  this  situation  there  is  a  direct  quantitative  relationship  between  the 
magnitude  of  the  early  yM  response  and  the  7Syi  response.  It  is  of 
interest  that  7Sy2  antibody  producing  cells  are 
immune  response  in  animals  given  HEA  in  saline, 
evokes  7Sy2  tolerance. 


detected  early  in  the 

a  regimen  which  eventually 


Other  efforts  to  investigate  this  phenomenon  involve  the  role  of  the 
macrophage,  which  plays  an  important  role  in  antigen  presentation  to  T  and 
B  lymphocytes.  Cytophilic  antibodies  and  antigen  binding  properties  of 
hamster  peritoneal  macrophages  are  being  studied  using  the  sheep  rbc 
rosette  technique.  In  contrast  to  other  rodents,  cytophilic  antibody  in 
hamsters  has  been  identified  as  both  7Syi  3"^  y2  Ig.  However,  the 
proportion  of  the  hemagglutinating  antibody  which  is  cytophilic  for 
macrophages  is  dependent  on  the  nature  of  the  antigenic  challenge.  For 
instance,  sheep  rbc  stromata  in  CFA  evokes  abundant  cytophilic  antibody. 
Yet,  in  animals  immunized  with  whole  sheep  rbc,  a  comparable  amount  of 
hemagglutinating  antibody  is  not  cytophilic. 


9.  Secretory  Ig  of  lower 


^_^ vertebrates  ( 

of  the  amino  acid  sequences  of  human  alpha  and 
divergence  of  IgA  and  IgM  took  place  about  175 
time  of  the  emergence  of  reptiles.  Studies  of 
Rana  catesbeiana,  garter  snake  Thamnophis  ordi 
indicate  that  a  19  to  21 S  yM  fulfills~tH 
lower  vertebrates.  That  is,  yM  antigeni 
yM  is  the  major  IgM  in  succus  entericus 
finding  is  of  interest,  b 
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Significance  to  biomedical  research  and  the  program  of  the  Institute: 

The  emphasis  of  our  research  has  been  on  the  immunologic  aspects  of 
certain  viral  diseases,  with  special  efforts  directed  to  developing 
specific  tests  for  antibody  to  AD  and  on  methods  to  demonstrate  this 
virus  in  tissues.  The  progress  made  along  these  lines  will  facilitate 
further  investigations  on  the  pathogenesis  of  AD.  Studies  on  the  in  vitro 
destruction  of  herpes  virus  by  "activated"  leukocytes  indicate  the 
importance  of  these  activated  cells  on  certain  virus  infections  and  has 
opened  avenues  of  further  investigation  which  should  prove  interesting. 
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The  studies  on  kinetic  aspect  of  resistance  to  virus  infection 
cancer  are  of  importance  in  understanding  factors  involved  in  tumor 
immunity-  and  resistance  to  viruses.  The  studies  on  virus  leukemias  als^i 


offer  information 
immunology. 


on  the  role  of  immune  competent  cells  in  cancer 


The  studies  of  the  distribution  of  T  and  B  cells  in  different  color 
phases  of  mink  may  give  some  insight  into  the  marked  differences  in  their 
susceptibility  to  AD,  as  well  as  on  the  role  that  each  type  of  cell  may 
play  in  this  "immunologic  disease".  The  marked  increase  in  yA  in  sapphire 
mink  after  infection  with  AD  may  point  to  significant  differences  in 
susceptibility  to  AD. 

Proposed  course  of  project: 


The  work  on  chronic  virus  diseases  and  in  vitro  models  to  study 


i 


The 


various  immunological  aspects  of  the  viral  diseases  will  be  continued 
genetic  aspects  of  tumor  resistance  in  Friend's  virus  leukemia  will  be 
continued  and  further  studies  on  immunoglobulins  and  distribution  and  role 
of  B  and  T  cells  in  AD  and  in  hamster  leukemias  will  be  continued. 
Immunological  studies  on  chronic  pneumonitis  will  be  intensified. 


Honors  and  Awards: 

Dr.  D.'  L.  Lodmell 

Invited  to  participate  in  the  Ninth  Gustav  Stern  S,ymposium  on 
Perspectives  in  Virology,  New  York  City,  February  1974. 

Invited  to  participate  and  present  paper  in  a  Herpesvirus  Workshop 
sponsored  by  the  Research  Resources  Branch  of  NIAID,  NIH,  Bethesda, 
Maryland,  February  1974. 

Invited  to  participate  in  a  Workshof^  on  the  "Immunopathology  of  Virus 
Infections"  held  at  the  Annual  Meeting  of  the  American  Association  of 
Irrimunologists,  Atlantic  City,  April  1974. 

Dr.  J.  J.  Munoz 

Faculty  Affiliate,  University  of  Montana,  Missoula. 

Serves  as  member  of  the  Council  for  Mid-Winter  Immunologists 
Conference. 

Dr.  J.  E.  Coe 

Faculty  Affiliate,  University  of  Montana,  Missoula. 
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Publications: 


Munoz,  J.,  Bergman,  R.  K.,  and  Jackson,  T.  A.:  Hypersensitivity 
reactions  to  a  methylated  bovine  serum  albumin  and  human  serum 
albumin  in  the  skin  and  footpad  of  mice.  Z.  Immunitaetsforsch.  145; 
443-453,  1974. 


In  press: 

Munoz,  J.,  Lodmell ,  D.  L.,  Race,  R.  E.,  Jackson,  T.  A.,  and  Hadlov/, 
W.  J.:  Delayed  hypersensitivity  in  normal  and  Aleutian  disease 
affected  mink.  Z.  Immunitaetsforsch. 


37 


Serial  No.  NIAID-177 

1 .  Rocky  Mountain  Laboratory 

2.  Molecular  Biology  Section 

3.  Hamilton,  Montana 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:  Immune  prophylaxis  of  mycobacterial  infections 

Previous  Serial  Number:  Same 

Principal  Investigators:  E.  Ribi  and  D.  L.  Granger 

Other  Investigators:  R.  F.  Smith 

Cooperating  Units:  Dr.  I.  Azuma,  Osaka  University,  Osaka,  Japan 

Dr.  W.  R.  Barclay,  AMA,  Chicago 

Dr.  W.  Brehmer,  Robert  Koch  Institute,  Berlin,  Germany 
Dr.  T.  J.  Meyer,  University  of  Colorado  Medical  Center, 

Denver 
Dr.  R.  Parker,  Hamilton  Biochemical  Research  Lab., 

Hamilton 
Drs.  S.  Salvin  and  J.  S.  Youngner,  University  of 

Pittsburgh,  Pittsburgh,  Pa. 
Mr.  S.  M.  Strain,  Montana  Lung  Association  Fellow, 

Hamilton 

Other  NIH 
Personnel 
NIAID        Assigned  to    Guest 


Man  Years 

Lab  Staff 

Project 

Workers 

Total 

Total : 

8  7/12 

8  7/12 

Professional : 

1  6/12 

1  6/12 

Other: 
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Project  Description: 

Objectives: 

To  develop  an  effective  antituberculosis  vaccine  from  purified 
fractions  of  mycobacteria,  to  study  the  nature  of  the  host  responses  to 
these  fractions,  and  to  determine  the  relationship  of  delayed  hyper- 
sensitivity to  immunity. 
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Methods  employed: 


A  variety  of  physical,  chemical,  and  immunologic  techniques  was  used 
to  prepare  and  characterize  cell  walls  of  several  mycobacterial  species, 
strains  and  fractions  derived  from  them,  and  to  assay  the  response  of 
experimental  animals  to  these  fractions.  Protective  potency  of  these 
preparations  was  determined  in  mice  challenged  by  aerosol  containing 
Mycobacterium  tuberculosis  H37Rv.  Histologic  examination  of  various  organs 
from  these  mice  was  carried  out. 

Major  findings: 

1.  Improved  procedure  for  isolating  P3.  P3  is  a  high  molecular 
weight  trehalose  ester  of  mycolic  acids,  and  one  of  many  lipids  extractable 
with  neutral  organic  solvents  from  the  cell  wall  of  the  tubercle  bacillus 
(see  scheme  of  fractionation  in  NIAID-179) .  These  lipids  also  contain  the 
widely  studied  Wax  D  and  cord  factor  which  in  turn  contain  P3  in  yields  of 
about  15%  and  50%,  respectively.  Cord  factor  is  conventionally  prepared 
from  Wax  C  which  itself  contains  only  a  limited  quantity  of  P3  (about  1%  or 
less).  During  a  search  for  a  more  productive  procedure  to  meet  the 
increasing  demands  for  P3,  we  found  that  the  chloroform-methanol  (CM)  2:1 
soluble  portion  of  Wax  D,  which  is  readily  available  in  large  quantity,  is 
a  far  superior  source.  This  extract  was  further  fractionated  by  serial 
elution  with  CM  mixtures  of  increasing  polarity  on  columns  of  silicic  acid 
and  cellulose/DEAE  (free  base  form)  to  provide  yields  of  95%  pure  P3. 
Because  this  product  does  not  contain  P2  but  merely  P4  and  PI  as 
contaminants  (see  NIAID-179)  it  is  purified  by  pressure-elution  chromato- 
graphy through  microparticulate  silica  using  CM  9:1  as  the  mobile  phase. 
This  final  step  can  be  completed  in  a  short  time  since  solvent  changes  are 
not  needed. 


2.  Composition  and  structure  of  P3.  P3  that  we  recover  from 
M.  boyis  strain  BCG,  M.  tuberculosis,  strain  Aoyama  B,  and  M.  kansasii  is 
undoubtedly  the  active  principle  of  the  cord  factor  originally  described 
by  Noll  and  Bloch.  It  can  be  split  by  saponification  into  the  sugar, 
trehalose,  and  a  mixture  of  at  least  3  different  90-carbon  mycolic  acids. 
The  mass  spectrum  of  only  one  resembled  that  of  a  known  mycolic  acid 
(a-mycolic  acid),  but  those  of  the  other  2  acids  are  not  yet  known.  If 
these  mycolic  acid  residues  are  esterified  to  trehalose  in  2  positions 
(6  and  6'),  we  must  expect  a  mixture  of  several  structurally  different 
mycolates.  Therefore,  P3  would  not  be  expected  to  be  homogeneous,  but 
chromatographic  methods  presently  available  are  not  sensitive  enough  to 
resolve  mixtures  consisting  of  trehalose-dimycolates.  Of  additional 
interest  is  the  fact  that  the  mycolic  acid  methyl  ester  fractions  prepared 
from  the  cell  wall  skeleton  (CWS)  of  M.  tuberculosis  Aoyama  B  or  M.  kansasii 
and  chloroform-methanol  insoluble  (CMl)  fragments  from  CWS  gave  tFe  same 
multiple-band  chromatographic  pattern  as  the  mixture  isolated  from  P3  (see 
NIAID-179).  The  mass  spectra  of  separated  components  were  identical  with 
those  obtained  from  P3.  This  finding  is  important  in  the  correlation  of 
biologic  activities  with  structure  of  CWS  and  CMI. 
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3 .  Components  of  mycobacteria  involved  in  protection  and  granuloma 
formation  in  mice.  We  reported  last  year  that  2  ingredients  in  CW  vaccines 
for  protecting  mice  against  airborne  challenge  with  H37Rv  and 
p)"oduction  of  granulomat?.  in  the  lungs  of  mice.  One  is  certainly 
evidence  is  accumulating  that  rather  than  the  peptidoglyco- 
per  se,  the  other  ingredient  may  be  the  residual  protein 


were  reeded 
for  maximum 
P3.  However, 
lipid  CWS  or  CMI 
moiety  0%   or  less) 
in  our  laboratories 


present  in  both  the  CWS  and  CMI  fractions,  as  prepared 


The  following  observations  support  this  conclusion: 

a.  CWS  containing  less  than  1%  protein  were  less  active  when 
combined  with  P3  and,  most  surprisingly,  a  combination  of  only  P3  and  PPD 
(75  yg  each)  produced  a  vigorous  granulomatous  inflammation  in  the  lungs  of 
mice  and  protected  them  against  tuberculosis.  Neither  P3  nor  PPD  alone 
associated  with  oil  droplets  was  active.  Interestingly,  this  combination 
was  completely  ineffective  in  regressing  established  tumors  unless  CWS  had 
been  added  (see  NIAID-179) .  So  far,  the  most  potent  P3-protein  combination 
(3  log  protection)  was  obtained  with  a  protein  sample  extracted  from  BCG 
cell  walls  under  mild  conditions  with  aqueous  butanol .  This  protection  was 

1  log  higher  than  that  afforded  by  150  yg  of  original,  untreated  cell  walls. 
Moreover,  granuloma  formation  and  protection  were  obtained  even  when  P3  was 
combined  with  the  dialyzable  portion  of  the  peptides  (M.W.  <10,000)  split 
off  from  tuberculoprotein  by  acid  hydrolysis. 

b.  The  lipid-free  but  protein-containing,  water-soluble 
mycobacterial  adjuvant  and  antitumor  fraction,  MAAF  (see  NIAID-179) ,  was 
not  active  in  producing  granuloma  or  protection,  unless  combined  with  P3. 

c.  Cell  walls  of  M.  kansasii ,  which  contain  P3  and  share 
protein  antigens  with  M.  tuberculosis  and  M.  bovis,  protected  mice  against 
infection  with  H37Rv.  Cell  walls  from  M.  smegmatis,  which  share  some 
antigens  but  lack  P3,  were  ineffective  Fut  conferred  marked  protection  when 
combined  with  P3  (2  log  reduction  of  H37Rv  cells  in  the  lungs  of  mice). 

d.  To  date,  protection  induced  in  mice  by  intravenous 
administration  of  CW  vaccines  has  always  been  dependent  upon  extensive 
granulomatous  inflammation  (as  measured  by  lung  weight  increase).  With 
vaccines  consisting  of  original  untreated  cell  walls,  the  protection 
conferred  amounted  to  a  4  to  5  log  reduction  in  H37Rv  count,  which  was 
paralleled  by  a  2-fold  increase  in  lung  weight.  A  commercially  available 
lyophilized  viable  BCG  Tice  T94  vaccine  supplied  by  Drs.  Rosenthal  and 
Crispin  which  had  been  used  for  many  years  at  RML  as  a  standard  provided  a 

2  log  reduction  in  H37Rv  count  when  administered  IV  at  the  optimal  dose  of 
300  yg  (moist  weight)  containing  about  10'^  viable  units,  and  this 
protection  was  accompanied  by  a  low-grade  granuloma  formation.  Recently, 

2  new  commercial  viable  vaccines,  BCG  Tice  IL  105  and  Montreal  1475-7, 
gave  protection  equal  to  that  afforded  by  cell  walls,  but  this  was 
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accompanied  by  a  lung  weight  increase  similar  to  that  caused  by  the  cell 
walls.  In  agreement  with  recent  observations  by  others,  we  found  th&t  the 
lyophilized  BCG  Tice  T94  had  a  high  content  of  nonviable  "insoluble"  and 
"soluble"  antigenic  material.  This  excess  antigen  may  interfere  with 
induction  cf  cell-mediated  immunity  by  causing  antibody  formation.  In  this 
respect,  use  of  BCG  Tice  T94  vaccine  could  be  advantageous  inasmuch  as  the 
resulting  humoral  response  may  have  a  suppressive  action  on  cell-mediated 
hypersensitivity  and  hence  combat  some  deleterious  effects  of  this  chronic 
inflammatory  reaction  at  the  expense,  of  course,  of  a  high  level  of 
protection. 

Presumably,  cell  walls  associated  with  oil  droplets  augment  cell- 
mediated  immunity  like  viable  BCG  vaccines  that  are  essentially  devoid  of 
nonviable  antigen.  Conceivably,  the  state  of  hypersensitivity  induced  by 
CW-oil  droplet  vaccine  could  be  modulated  by  a  controlled  humoral  response 
induced  with  defined  bacillary  antigens  and/or  antibody  enhancing  adjuvants 
incorporated  into  the  aqueous  phase  of  the  vaccine. 

4.  Components  of  mycobacteria  involved  in  in  vivo  production  of 
lytnphokines.  Collaboration  with  Drs.  Salvin  and  Youngner  in  studies  dealing 
with  fractions  of  mycobacteria  responsible  for  in  vivo  production  of 
migration  inhibition  factor  (MIF)  and  interferon,  and  their  relationships 
to  such  diverse  properties  as  protection  from  viral  infection  and  tumor 
immunity  has  been  continued.  Last  year  we  reported  that  these  soluble 
mediators  have  been  induced  in  high  titer  in  the  circulation  of  mice  by 
intravenous  injection  of  BCG  CW  vaccines,  followed  after  an  appropriate 
interval  by  IV  challenge  with  old  tuberculin.  As  in  resistance  to  pulmonary 
tuberculosis,  cell  walls  can  be  replaced  by  a  combination  of  P3  and  PPD  for 
sensitization  for  production  of  MIF;  addition  of  adjuvant-active  CWS  did  not 
augment  this  response.  Neither  PPD  nor  P3  alone  sensitized  mice  for  MIF 
production.  The  demonstrated  effectiveness  of  P3  to  promote  cellular 
immunity  to  tuberculoprotein  is  further  supported  by  the  finding  that 
M.  smeginatis  cell  walls,  which  do  not  contain  P3,  did  not  immunize  for  _[n 
vivo  MIF  release  whereas  walls  from  M.  kansasii ,  which  do  contain  P3,  were 
active  in  this  respect. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 

In  e\/ery   instance  in  which  our  mycobacterial  components  immunized 
mice  for  in  vivo  MIF  production,  these  same  components  effectively  immunized 
mice  against  tuberculosis.  This  correlation  suggests  that  circulating 
mediator(s)  in  MIF-active  sera  play  an  instrumental  role  in  the  cell- 
mediated  immune  process.  From  the  chemically  complex  tubercle  bacillus,  we 
have  isolated  2  classes  of  substances,  one  a  protein  or  its  peptide 
fragments,  and  the  other  mycolic  acid  esters.  When  these  components  were 
physically  combined  and  associated  with  minute  oil  droplets,  an  antigen- 
adjuvant  system  that  strongly  stimulated  cellular  immunity  resulted.  We 
have  been  experimenting  with  PPD  as  a  convenient  source  of  the  protein 
antigen. 
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Of  these  high  molecular  weight  fatty  acid  esters,  the  most  powerful 
in  enhancing  delayed  hypersensitivity  in  mice  to  the  protein  antigen  is  P3, 
rather  than  CWS.  Surprisingly,  regression  of  established  guinea  pig  tumors 
was  achieved  by  inoculating  them  with  cell  walls  attached  to  oil  droplets, 
but  not  with  a  combination  of  P3  +  PPD  unless  a  small  quantity  of  CWS 
(itself  inactive)  was  added  (see  NIAID-179). 
behavior  to  different  bacillary  structures  is 
presently  under  investigation. 


The  reason  for  this  different 
complex  matter  and  is 


The  bioassays  used  in  this  project  will  continue  to  be  invaluable 
the  search  for  the  components  of  mycobacteria  responsible  for  either 
enhancement  or  inhibition  of  tumor  growth.  Such  studies  aid  in  the 


in 


elucidation  of  the  molecular 
or  mycobacteria  in  general . 
important  and  how  to  present 
obtain  balanced  cellular  and 


basis  of  the  immunopotentiating  action  of  BCG 
By  learning  more  about  which  antigens  are 
them  to  the  host,  it  should  be  possible  to 
humoral  responses  and  thereby  devise  a  useful 


I 


nonliving  antituberculosis  vaccine. 

Proposed  course  of  project: 

We  are  continuing  our  efforts  to  determine  the  exact  structure  of  P3 
in  order  that  it  may  be  possible  to  synthesize  it.  Compounds,  like  P3, 
consisting  of  mycolic  acids  esterified  to  sugars  other  than  trehalose  and 
possessing  similar  biological  activities  are  being  accumulated  in  quantities 
sufficient  for  detailed  chemical  and  biological  analysis. 


Further  studies  are  planned  to  determine  if  the  MIF-active  sera  from 
mice  immunized  with  the  oil  droplet-PPD-P3  complex  possess  other  lymphokine 
properties  (e.g.,  lymphotoxin,  chemotactic  factor,  skin-reactive  factor) 
and  interferon. 

Attempts  are  in  progress  to  synthesize  a  peptide  chain  made  up  of 
those  5  amino  acids  presumed  to  be  responsible  for  the  activity  attributed 
to  the  protein  remnants  in  CWS.  The  sequence  of  these  amino  acids  will  be 
the  same  as  that  determined  in  a  skin  test-active  tuberculoprotein.  We 
intend  to  covalently  bind  or  couple  this  synthetic  peptide  to  P3  and 
thereby  even  more  effectively  augment  cell -mediated  immunity. 


Honors  and  Awards: 


%, 


Dr.  D.  Granger 

Invited  to  participate  in  the  Eighth  Annual  Tuberculosis  Conference 
sponsored  by  the  Tuberculosis  Panel  of  the  U.S. -Japan  Cooperative 
Medical  Science  Program  in  New  Orleans,  Louisiana,  October  1973. 
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Invited  to  present  a  paper  at  the  Second  Annual  Collaborative 
Conference  of  the  Carcinogenesis  Program  sponsored  by  the  National 
Cancer  Institute,  San  Antonio,  Texas,  November  1973. 

Dr.  E.  Ribi 


National  ASM  Lecturer. 

Editorial  Board  Member,  Infection  and  Inmunity. 

Reviewer  for  Journal  of  Infectious  Diseases,  Journal  of  the  National 
Cancer  Institute,  American  Review  of  Respiratory  Diseases,  and  Journal 
of  Chromatographic  Science. 

Invited  (with  Drs.  Parker  and  Milner)  to  contribute  a  chapter  on 
"Microparticulate  gel  chromatography  accelerated  by  centrifugal  force 
and  pressure"  in  Methods  of  Biochemical  Analysis.  (See  NIAID-179) . 

Invited  to  present  a  paper  at  the  Symposium  on  "Chemical  and  cellular 
aspects  of  immunity  to  tuberculosis"  at  the  12th  International 
Tuberculosis  Conference,  Tokyo,  Japan,  September  1973. 

Invited  to  present  a  paper  at  the  Eighth  Annual  Tuberculosis  Conference 
sponsored  by  the  Tuberculosis  Panel  of  the  U.S. -Japan  Cooperative 
Medical  Science  Program  in  New  Orleans,  Louisiana,  October  1973. 

Invited  to  present  a  paper  at  the  Second  Annual  Collaborative 
Conference  of  the  Carcinogenesis  Program  sponsored  by  the  National 
Cancer  Institute,  San  Antonio,  Texas,  November  1973. 


In  press: 

Ribi,  E.,  Azuma,  I.,  Meyer,  T.  J.,  Parker,  R.,  Brehmer,  W.,  and 
Yamamura,  Y.:  Chemical  structure  and  biological  functions  of 
mycobacterial  cell  walls  with  special  reference  to  immunity  against 
airborne  infection  with  M.  tuberculosis  strain  H37Rv.  Bull.  Int. 
Union  Tuberc. 

Meyer,  T.  J.,  Anacker,  R.  L.,  and  Ribi,  E.:  effects  of  pretreatment 
of  mice  with  BCG  cell  walls  in  saline  on  subsequent  vaccination  with 
BCG  oil  droplet  vaccine.  Cellular  Immunity. 
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PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:  Structure  and  biologic  activity  of  endotoxins 

Previous  Serial  Number:  Same 

Principal  Investigator:  K.  C.  Milner 

Other  Investigators:  J.  E.  Cutler  (NIH  Postdoctoral  Fellow) 

Cooperating  Units:  Dr.  Jacob  Fine,  Harvard  Surgical  Unit,  Boston  City 

Hospital,  Boston,  Mass. 
Dr.  J.  A.  Rudbach,  University  of  Montana,  Missoula 
Dr.  J.  R.  Vestal,  University  of  Cincinnati,  Ohio 
Dr.  Claes  Weibull,  University  of  Lund,  Sweden 

Other  NIH 
Personnel 
NIAID        Assigned  to    Guest 


Man  Years 

Lab  Staff 

Project 

Workers 

Total 

Total : 

3  10/12 

5 

Professional : 

10/12 

1  2/12 

2 

Other: 

3 

3 

Project  Description: 

Objectives: 

To  investigate  the  features  of  composition  and  structure  of  bacterial 
endotoxins  (ET)  required  for  expression  of  characteristic  host  reactivity; 
to  establish  and  standardize  improved  methods  for  the  quantitative  bioassay 
of  endotoxins  and  similar  materials;  and  to  study  the  mechanisms  of  the 
biological  effects  involved. 
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Methods  employed: 


Diverse  physical,  chemical  and  immunological  methods  are  used,  with 
currenc  emphasis  on  bioassay  and  statistical  analysis. 

Major  findings: 

1.  For  the  purpose  of  defining  the  utility  of  the  limulus 
amebocyte  lysate  test  for  ET,  we  have  extensively  compared  it  with  other 
assays  and  have  applied  the  tests  to  a  variety  of  materials,  including 
typical  ET  extracted  from  enteric  gram-negative  bacteria,  extracts  of 
polysaccharide-deficient  mutants,  anomalous  lipopolysaccharides  (LPS)  from 
species  of  Brucella  and  Thiobacillus,  synthetic  polynucleotides,  and 
extracts  of  Candida  albicans.  Most  of  the  tests  were  repeated  many  times 
so  comparisons  could  be  made  in  terms  of  means  and  standard  errors. 
Furthermore,  in  all  limulus  tests  of  the  various  materials  (and  wherever 
else  possible),  a  standard  preparation  of  typical  ET  was  included  to 
permit  estimates  of  relative  potency  and  thus  to  facilitate  comparisons 
between  tests. 

We  found,  as  before,  that  for  ET  from  Enterobacteriaceae,  potency 
in  the  limulus  test  correlated  well  with  the  results  of  standardized 
tests  for  pyrogenicity  and  lethality.  Among  the  various  substances  tested, 
only  bacterial  LPS  were  highly  potent  in  clotting  limulus  lysate.  However, 
it  was  disappointing  to  learn  that  among  the  "anomalous"  LPS  there  was 
little  correlation  between  limulus  potency  and  the  results  of  other  tests. 
In  fact,  one  LPS  from  Thiobacillus  ferrooxidans  (adapted  to  cultivation  on 
glucose  as  energy  source),  which  was  very  weakly  pyrogenic  and  lethal,  was 
fully  as  potent  in  the  limulus  test  as  the  standard  LPS  from  Salmonella 
enteritidis.  Also,  contrary  to  expectation,  bovine  pancreatic  ribonuclease 
(which  is  supposed  to  attack  only  single-stranded  RNA)  was  found  to 
hydrolyze  synthetic  double-stranded  polynucleotides  and  produce  some 
decrease  in  the  limulus  potency.  Additionally,  an  extract  of  C^.  albicans, 
which  was  devoid  of  pyrogenicity  for  rabbits  in  doses  up  to  15  milligrams, 
was  found  to  clot  limulus  lysate. 

2.  Dr.  Cutler  has  continued  to  study  fractions  of  C.  albicans  for 
ET-like  effects  on  experimental  animals  and  also  for  other  physiological 
and  immunological  effects.  Significant  findings  include: 

a.  Phenol -water  extraction  of  C^.  albicans  previously  had 
yielded  a  substance,  mainly  polysaccharide,  with  weak  endotoxin-like 
properties.  Further  refinement  on  a  Sepharose  column  increased  the 
lethality  of  the  material  to  actinomycin  D-treated  mice  but  left  it 
nonpyrogenic  for  rabbits,  even  in  large  doses  (15  mg).  This  differentiates 
the  material  from  bacterial  ET,  which  would  be  active  in  both  systems, 
and  rules  out  contamination  with  ET  as  the  source  of  activity. 
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b.  Lntracentrifugation  of  the  extract  showed  it  to  be  a 
macromolecular  complex  (>10^  daltons),  which  dissociated  under  the 
influence  of  sodium  deoxycholate  (NaD)  and  reassociated  upon  removal  of 
the  NaD.  Nevertheless,  the  dissociated  materia!  would  not  hybridize  with 
ET  dissociated  by  NaD  (method  of  Rudbach  et  a}.. ,  1967),  another  indication 
of  a  fundamental  difference  from  bacterial  ET. 


i 


c.  A  second  toxin,  both  lethal  and  pyrogenic,  had  been 
isolated  from  £.  albicans  by  a  laborious  procedure  beginning  with 
extraction  with  ethyl enedi amine.  It  was  discovered  that  such  a  toxin 
could  be  isolated  by  direct  treatment  of  whole  cells  or  cell  walls  with 
Pronase.  The  further  observation  that  treatment  with  Pronase  of  the  toxin 
described  above  (a,b)  rendered  it  pyrogenic  as  well  as  lethal,  and  made 

it  appear  that  the  enzyme  was  activating  a  latent  toxin,  either  by  unmasking 
reactive  groups  or  by  contributing  something  of  its  own  substance  to  the 
fungal  product.  The  Pronase  itself  had  no  endotoxin-1 ike  activity. 

d.  The  observation  that  either  active  candidiasis  or  inoculation 
with  toxins  from  C^.  albicans  produced  an  acute  inflammatory  response  with 
infiltration  of  polymorphonuclear  leukocytes  led  to  a  screening  of  methods 
for  measuring  chemotaxis.  Eventually,  a  new  agar-plate  method  was  devised, 
which  would  appear  to  have  wide  applicability.  It  is  much  simpler  and  less 
expensive  than  the  Boyden-chamber  method  that  has  been  used  most 
extensively.  A  paper  on  the  technique  will  be  presented  at  a  national 
meeting  in  May. 

3.  a.  In  a  report  (abstract)  on  a  "Dialyzable  Toxic  Product  of 
Serratia  marcescens",  J.  M.  Quarles  et^  al_.  incorporated  collaborative 
results  obtained  here.  The  tentative  conclusion  was  that  the  small 
molecular  weight  toxic  product  not  filtered  out  by  the  kidney  machine  was 
probably  not  ET,  although  traces  of  ET  occasionally  appeared  as  a 
contaminant. 
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b.  Dr.  Weibull  has  shown,  by  electronmicroscopy,  clear 
structural  differences  between  ET  from  wild-type  cultures  and 
polysaccharide-deficient  mutants  of  S.  typhimurium  and  S^.  minnesota.  A 
manuscript  has  been  prepared  for  publication. 

c.  Under  contract  with  FDA,  Dr.  Rudbach  has  produced  a  large 
quantity  of  ET  for  national  distribution  as  a  reference  standard, 
particularly  for  control  of  the  limulus  test.  Individual  batches  have 
been  chosen  for  pooling  on  the  basis  of  tests  conducted  here,  and  the 
final  pool  is  now  being  examined  intensively. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 

1.  The  possible  clinical  significance  of  the  limulus  test  was 
mentioned  in  last  year's  report.  Our  recent  results  demonstrate  that  the 
test  is  unusually,  if  not  quite  absolutely,  specific  for  bacterial  LPS. 
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If  rapid  detection  of  ET  in  body  fluids  or  tissues  proves  to  be  of  great 
value,  this  should  be  the  test  of  choice,  for  both  sensitivity  and 
specificity.  It  has  also  been  hoped  that  the  test  would  be  pharmaco- 
logically useful  for  control  of  materials  for  injection— in  particular 
that  it  could  replace  the  expensive  and  time-consuming  rabbit  test  for 
pyrogenicity.  Our  finding  that  some  very  weakly  endotoxic  LPS  from 
nonenteric  sources  were  maximally  potent  in  the  limulus  assay  militates 
against  this  use  of  the  test.  There  would  be  too  many  false  positives; 
i.e.,  the  rejection  rate  would  probably  be  much  higher  than  with  the 
rabbit  test,  and  higher  than  would  be  warranted  by  the  potential  effects 
in  human  beings. 

2.  Several  fungal  toxins  are  strong  poisons  and/or  carcinogens. 
These,  however,  derive  mostly  from  saprophytic  forms.  The  role  of  toxins 
in  superficial  or  systemic  mycoses  is  essentially  unknown.  Although  the 
toxic  components  of  £.  albicans  are  weak,  they  could  have  pathogenic 
importance  because  of  the  great  proliferation  of  the  fungus  in  certain 
types  of  infection.  Moreover,  these  and  other  components  elicit  cellular 
and  immune  responses  other  than  those  attributable  to  toxicity.  An 
improved  technique  devised  for  studying  one  such  response  (chemotaxis) 
should  have  broad  applicability. 

Proposed  course  of  project: 

1.  Several  aspects  of  the  reaction  between  bacterial  LPS  and 
lysed  amebocytes  of  Limulus  polyphemus  are  believed  to  be  worthy  of 
continued  investigation  and  suited  to  our  capabilities.  Further  evaluation 
of  the  specificity  of  the  reaction  is  essential  to  clinical  interpretations, 
and  we  are  actively  pursuing  this  study  in  collaboration  with  other  units. 
Drs.  E.  T.  Yin,  S.  Watson,  and  J.  Fine  have  all  found  means  for  increasing 
the  sensitivity  of  limulus  lysate  through  removal  of  inhibitors.  We  have 
been  asked  to  evaluate  such  methods  independently.  The  complete  chemical 
analysis  and  bioassay  of  a  reference  ET  for  the  limulus  test  will  also 
begin  shortly.  Related  to  the  foregoing  is  a  need  to  study  the  reaction 
between  limulus  lysate  and  polynucleotides  more  completely  and  to  determine 
the  precise  effects  of  ribonucleases  on  this  reaction. 

2.  Continuing  studies  from  previous  years  include:  a)  an  exami- 
nation of  the  effects  of  pretreatment  with  polysaccharide-deficient 
mutants  of  salmonellae  on  subsequent  challenge  with  virulent  culture;  b) 
efforts  to  supply  extracts  from  additional  classes  of  mutant  cultures  to 
Dr.  Weibull  for  study  by  electronmicroscopy;  and  c)  continued  collaboration 
with  Dr.  Vestal  in  studies  of  LPS  from  chemol ithotrophic  bacteria. 

3.  The  apparent  activation  of  Candida  toxin  by  Pronase  is  to  be 
studied  in  more  detail.  Further  purification  and  characterization  of  the 
toxin  will  be  attempted,  and  chemotaxis  by  fractions  and  whole  cells  of 

C.  albicans  will  be  particularly  studied,  as  well  as  other  physiologic  and 
immunologic  effects. 
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Honors  and  Awards: 

Dr.  K.  C.  Milner 

Invited  (with  Drs.  Ribi  and  Parker)  to  contribute  chapter  on 
"Microparticulate  gel  chromatography  accelerated  by  centrifugal  force 
and  pressure"  in  Methods  of  Biochemical  Analysis  (in  press,  see 
project  NIAID-1797": 

Invited  to  contribute  a  chapter  on  "Comparison  with  other  tests"  to 
a  monograph  on  The  Limulus  Lysate  Test  for  Detection  of  Endotoxin. 
Dieter  Grbschel  (ed.),  Marcel  Dekker,  publisher. 

Editorial  Board  Member,  Infection  and  Immunity. 

Reviewer  for  Journal  of  Infectious  Diseases. 

Faculty  Affiliate  (Lecturer  in  Medical  Microbiology),  University  of 
Montana. 


Dr.  J.  E.  Cutler 

Guest  seminars  at  Duke  University  School  of  Medicine  (October  1973) 
and  University  of  Colorado  Medical  Center  (January  1974). 

Guest  lecturer  at  University  of  Montana  (May  1973  and  October  1973), 


Publications: 

von  Eschen,  K.  B.,  Rudbach,  J.  A.,  and  Milner,  K.  C:  Endotoxin- 
altering  activity  in  serum  of  developing  chicken  embryo:  lack  of 
correlation  with  embryonic  susceptibility  to  injected  endotoxin. 
Infect.  Immun.  7:  683-684,  1973. 


Milner,  K.  C:  Patterns  of  tolerance  to  endotoxin. 
Suppl.  128:  S237-S245,  1973. 


J.  Infect.  Dis. 


Vestal,  J.  R.,  Lundgren,  D.  G.,  and  Milner,  K.  C:  Toxic  and 
immunological  differences  among  1 ipopolysaccharides  from  Thiobacillus 
ferrooxidans  grown  autotrophically  and  heterotrophically.  Can.  J. 
Microbiol.  19:  1335-1339,  1973. 
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1.  Rocky  Mountain  Laboratory 

2.  Molecular  Biology  Section 

3.  Hamilton,  Montana 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:  Mycobacterial  components  in  cancer  immunotherapy 

Previous  Serial  Number:  Same 

Principal  Investigators:  E.  Ribi  and  D.  L.  Granger 

Other  Investigators:  K.  C.  Milner  and  R.  F.  Smith 

Cooperating  Units:  Dr.  I.  Azuma,  Osaka  University,  Osaka,  Japan 

Dr.  W.  Brehmer,  Robert  Koch  Institute,  Berlin,  Germany 
Dr.  J.  Gutterman,  Anderson  Hospital  and  Tumor  Inst., 

Univ.  of  Texas,  Houston 
Dr.  T.  J.  Meyer,  Univ.  of  Colorado  Med.  Center,  Denver 
Dr.  R.  Parker,  Hamilton  Biochemical  Research  Lab., 

Hamilton 
Mr.  S.  M.  Strain,  Montana  Lung  Assoc.  Fellow,  Hamilton 
Drs.  B.  Zbar  and  H.  Rapp,  NCI,  NIH 


Man  Years 

NIAID 
Lab  Staff 

Other  NIH 
Personnel 
Assigned  to 
Project 

Guest 
Workers 

Total 

Total : 

6  11/12 

8  3/12 

Professional : 

1  10/12 

1  4/12 

3  2/12 

Other: 

5  1/12 

5  1/12 

Contract  Support: 

Project 
Contract    Officer 
Number     (NIAID, 

NCI) 

app    Ham- 
ibi      f 

Contractor 

Contractor's 
Project  Director 

Annual 

Funding 

Level 

Still  under    H.  R< 
negotiation    E.  R 

Iton 
?esea 

Biochemical 
rch  Lab. 

R.  Parker 

about 
$60,000 
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Project  Description: 


Objectives: 

Primary  goals  are  elucidation  of  the  fine  structure  and  chemical 
composition  of  microorganisms  and  correlation  of  these  attributes  with 
certain  biologic  properties  of  cells  or  cell  fractions,  and  the  development 
of  new  tools  and  techniques  and  their  application  to  current  problems. 

Studies  this  year  again  have  been  concerned  with  1)  isolation  and 
structural  identification  of  mycobacterial  cell  wall  preparations 
responsible  for  the  enhancement  of  specific  tumor  immunity  (suppression  of 
growth  and  regression  of  established  tumors),  and  2)  applying  micro- 
particulate  gel  chromatography  accelerated  by  centrifugal  force  or  pressure 
for  separating  complex  mixtures  of  mycobacterial  lipids. 

Methods  employed: 

A  combination  of  biophysical,  chemical,  and  immunological  approaches 
was  used. 


Major  findings: 

1.  We  reported  last  year  that  intradermal  growth  of  a 
transplantable  hepatocarcinoma  in  syngeneic  guinea  pigs  was  suppressed 
when  10^  tumor  cells,  together  with  40-Mg  quantities  of  BCG  cell  walls 
attached  to  minute  oil  droplets,  were  inoculated.  We  also  reported  that 
injection  of  300-ug  of  BCG  cell  walls  attached  to  oil  droplets  into 
established  skin  tumors  of  animals  inoculated  7  days  before  with  10^  tumor 
cells  caused  about  60%  of  tumors  to  regress  and  prevented  growth  of 
metastases.  Animals  in  which  tumor  growth  was  suppressed  or  in  which 
established  tumor  regressed  acquired  systemic  tumor  immunity.  Comparable 
effective  doses  of  BCG  were  6  X  10^  and  24  X  10^  viable  units  for  tumor 
suppression  and  regression,  respectively. 

2.  Attempts  were  continued  to  determine  which  cell-wall  components 
described  in  the  scheme  below  can  be  used  in  place  of  viable  BCG  in  in  vivo 
tumor  immunology. 
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Untreated  cell  wall 


^ 


consists 


of 


Protein. 


+vFree  lipids,         +  Mycolic  acid-arabinogalactan-mucopeptide^ 

^ -/^ (MA-AG-MP  complex) 

Removed  from  cell  Extracted  with      =  polymeric  peptidoglycol  ipid 
walls  by  proteo-   organic  solvents     =  cell  wall  skeleton  (CWS) 
lytic  enzymes         I 

Separated  by  micro- 
particulate  gel 
chromatography  into 


MA-AG-MP  complex 
=  mono-  or  oligomeric 
peptidoglycol ipid 
CWS  fragments  or  CMI 


Sugar 
mycolate 


P3      P2 
Trehalose  Mycolic 
mycolate   acids 


PI 
Mixture  of  inactive 
lipids  of  low  polarity 


P3  consists  of  fatty  acid  esters  in  which  the  sugar,  trehalose,  is 
esterified  with  at  least  3  types  of  mycolic  acid,  2  of  which  were 
previously  unknown.  The  same  3  types  of  mycolic  acid  are  present  in 
cell  wall  skeleton  (CWS)  and  in  its  "fragments"  (CMI). 


the 


With  more  syngeneic  guinea  pigs  available  through  the  courtesy  of 
Dr.  B.  Zbar,  NCI,  it  was  possible  to  repeat  previous  experiments  with 
animals  in  sufficient  number  to  permit  statistical  analyses.  These 
provided  reliable  data  demonstrating  that  P3  in  addition  to  the  cell  wall 
skeleton  was  necessary  for  regression  of  established  tumors.  This 
parallels  mouse  antituberculosis  immunity  and  granuloma  formation  data 
where  maximal  effect  is  obtained  only  with  this  combination  of  components. 
However,  in  tumor  suppression  CWS  and  CMI  are  effective  but  P3  has  no 
additive  effect.  These  materials  also  produce  EAE  in  guinea  pigs. 

3.  CWS  prepared  according  to  the  above  scheme  still  contained  some 
tuberculoprotein,  the  amount  of  which  varied  from  batch  to  batch.  It 
appears  that  about  1%  protein  content  is  essential  for  CWS  to  cause 
optimal  tumor  suppression  and  for  CWS  +  P3  to  cause  optimal  regression. 
When  CWS  contained  only  about  0.5%  tuberculoprotein,  the  deficiency  could 
be  corrected  by  adding"  PPD.  Neither  P3  nor  PPD  alone  was  effective  in 
causing  tumor  suppression  or  regression. 

Accumulating  evidence  indicates  that  the  tuberculoprotein  remaining 
in  CWS  may  represent  the  specific  antigen  which  produces  delayed  hyper- 
sensitivity (DH)  or  cell-mediated  immunity.  P3  possesses  a  stronger 
adjuvant  action  than  the  mycolic  acids  that  are  bound  to  the 
polysaccharide-mucopeptide  complex  in  CWS  or  its  fragments.  In 
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combination  with  a  protein(s)  of  the  tubercle  bacillus  it  evokes  a 
vigorous  DH  reaction  of  which  granulomatous  inflammation  may  be  the  most 
dramatic  end  result.  In  established  tumors,  DH  may  kill  many  tumor  cells 
as  "innocent  bystanders".  Since  there  are  fewer  tumor  cells  to  contend 
with  in  suppression  than  in  regression,  induction  of  immunity  by  CWS  alone 
may  be  sufficient  in  one  system  but  not  in  the  other. 


4.  Cell  wa 
M.  bovis,  and  M.  j< 
established  dermal 
metastases  as  were 
walls  from  all  of 
M^.  smeqmati s  which 
effective  in  tumor 
M.  tuberculosis, 
re sembles  that  o f 
in  tumor  suppress i 


lis  from  virulent  Mycobacterium  tuberculosis,  virulent 
ansasii  were  at  least  as  effective  in  regressing 


tumors  and  in  preventing  growth  of  lymph  node 

cell  walls  from  attenuated  M.  bovis  strain  BCG.  Cell 

these  organisms  contained  P3.  Those  from  avirulent 
do  not  contain  P3  were  not  effective  but  were  rendered 
regression  when  combined  with  P3  isolated  from  cells  of 

Since  the  structure  of  the  cell  wall  of  M.  smegmatis 

BCG,  we  expected  to  find  that  the  former  was  also  active 

on. 


5.  The  lipid-free  (no  mycolic  acid),  water-soluble  mycobacterial 
adjuvant  and  antitumor  factor  (MAAF)  described  by  Hiu  was  also  capable  of 
regressing  tumors,  but  only  after  being  mixed  with  P3.  MAAF  alone 
enhances  tumor  growth.  It  also  contains  protein  to  which  DH  or  cell- 
mediated  irmunity  is  enhanced  by  the  adjuvant  action  of  P3,  Thus,  when 
MAAF  and  P3  were  combined  and  associated  with  oil  droplets,  DH  to  PPD  was 
produced  in  guinea  pigs,  even  though  neither  of  these  products  alone 
induced  PPD  sensitivity. 

6.  We  recently  demonstrated  that  tumor  growth  was  enhanced  when 
certain  mycobacterial  components,  such  as  MAAF  or  acetyl ated  cell  walls, 
were  tested  in  the  suppression  test.  Measurement  of  tumor  size  during 
these  experiments  revealed  highly  significant  differences  between  control 
and  experimental  groups.  Preparations  producing  this  phenomenon  share  the 
imnunological  properties  of  being  effective  adjuvants  for  humoral  antibody 
production  against  unrelated  antigens  (e.g.,  bovine  serum  albumin,  sheep 
red  blood  cells)  and  yet  by  themselves  are  incapable  of  eliciting  a  Koch 
phenomenon  in  the  skin  of  guinea  pigs.  It  is  possible  that  in  addition  to 
being  inactive  in  the  suppression  test  (i.e.  no  induction  of  a  primary  cell 
mediated  immune  response  and  hence  no  killing  of  tumor  cells  as  "innocent 
bystanders"),  these  adjuvants  promote  a  humoral  response  to  the  tumor- 
specific  transplantation  antigen  which  interferes  with  the  feeble  tumor 
graft  rejection  of  this  poorly  antigenic  carcinoma  (tumor  line-10).  This 
complex  interaction  between  host,  adjuvant,  and  neoplastic  cell  might, 
therefore,  result  in  a  more  rapidly  developing  tumor. 

Reversal  of  the  tumor  enhancement  effect  with  resulting  tumor 
suppression  could  be  accomplished  in  the  case  of  MAAF  by  adding  P3,  and  in 
the  case  of  the  acetylated  BCG  cell  walls  by  adding  tuberculoprotein  (PPD). 
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Acetylated  cell  walls  show  adjuvanticity  when  combined  with  various 
antigens  but  alone  are  incapable  of  producing  cell -mediated  immunity  in 
the  mouse  lung. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 

Nearly  all  published  data  suggest  that  the  most  effective  method  of 
destroying  tumors  is  to  stimulate  a  cell -mediated  cytodestructive 
mechanism  and  concurrently  suppress  any  associated  humoral  response  that 
would  interfere  with  cell -mediated  immunity.  Seve^-al  investigators  have 
found  that  viable  BCG  prevents  tumor  formation,  delays  rate  of  tumor 
growth,  and  regresses  established  tumors.  It  has  also  been  found  to 
enhance  tumor  growth.  Most  substrains  of  BCG  used  in  the  preparation  of 
antituberculosis  vaccines  differ  in  morphologic,  biochemical ,  immunogenic, 
and  allergenic  properties,  apparently  because  conditions  under  which  they 
are  cultured  vary.  It  is  not  surprising,  therefore,  that  their  antitumor 
activity  also  varies.  For  example,  it  has  been  demonstrated  that 
modification  of  cultural  conditions  of  a  given  BCG  substrain  led  to 
selection  of  2  different  phenotypes,  one  of  which  enhanced  tumor  growth 
while  the  other  inhibited  it.  The  parental  substrain  had  no  detectable 
influence  on  tumor  growth,  presumably  because  of  the  counteracting  effect 
of  the  2  phenotypes.  A  similar  process  of  selection  could  conceivably 
occur  in  vivo,  i.e.,  when  any  substrain  of  BCG  is  injected  into  a  tumor  it 
could  result  in  either  inhibition  or  enhancement  of  its  growth  or  have  no 
effect  at  all.  Preliminary  findings  reported  here  may  provide  some 
explanation  for  these  opposite  effects  and  suggest  that  the  cellular  and 
humoral  responses  might  be  manipulated  with  vaccines  containing  varying 
quantities  of  defined  components  of  BCG.  Since  we  found  that  the  degree 
of  tumor  regressive  potency  of  a  vaccine  is  paralleled  by  the  amount  of  P3 
present,  and  P3  is  capable  of  counteracting  enhancement  of  tumor  growth  by 
other  bacillary  constituents,  it  is  anticipated  that  the  structural 
ingredients  can  be  presented  to  the  host  in  a  manner  calculated  to  augment 
cell -mediated  immunity. 

Proposed  course  of  project: 

The  need  for  careful  and  extensive  studies  on  cancer  immuno- 
therapeutic  agents  becomes  poignantly  evident  when  we  consider  that 
strategies  intended  to  benefit  a  cancer  patient  may  in  fact  result  in  an 
acceleration  of  the  disease  process.  Therefore,  we  plan  to  1)  chemically 
and  structurally  characterize  recently  discovered  tumor-enhancing  myco- 
bacterial components,  2)  define  their  mode  of  action,  3)  find  ways  in 
which  P3  can  be  employed  to  most  efficiently  counteract  the  enhancing 
effect,  and  4)  study  the  action  of  P3  in  facilitating  tumor  graft  rejection. 

The  enzyme  studies  proposed  in  last  year's  report  had  to  be 
discontinued  due  to  the  press  of  other  work.  Dr.  Parker  demonstrated 
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marked  differences  in  isozyme  patterns  in  liver,  muscle,  and  serum  of 
normal  and  line-10  tumor-bearing  guinea  pigs  and  it  is  hoped  that  this 
work  can  be  pursued  again  during  the  coming  year. 
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2.  Epidemiology  Section 

3.  Hamilton,  Montana 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:  The  encephali tides 

Previous  Serial  Number:  Same 

Principal  Investigator:  L.  A.  Thomas 

Other  Investigators:  J.  E.  Coe 

Cooperating  Units:  Dr.  Hugh  Keegan,  Dept.  of  Preventive  Medicine,  Univ.  of 

Mississippi  School  of  Medicine,  Jackson 
Dr.  David  B.  Lackman,  Microbiology  Laboratory,  Montana 
State  Dept.  of  Health,  Helena 

Other  NIH 
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NIAID        Assigned  to    Guest 


Man  Years 

Lab  Staff 
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Workers 

Total 

Total : 

1 

1 

Professional : 

3/12 

3/12 

Other: 

9/12 

9/12 

Project  Description: 

Objectives: 

1)  To  investigate  the  role  of  garter  snakes  in  the  epidemiology  of 
Western  equine  encephalitis  (WEE),  2)  to  determine  if  blood-sucking  leeches 
are  capable  of  becoming  infected  with  selected  arboviruses  and  transmitting 
these  viruses  by  refeeding,  3)  to  establish  identification  of  field 
isolates  from  both  mosquitoes  and  ticks,  and  4)  to  detect  arbovirus  activity 
in  human  and  animal  populations  and  mosquitoes  as  measured  by  virus 
isolation  and/or  surveillance  for  antibodies. 
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Methods  employed: 

Standard  virological  laboratory  procedures  were  used  throughout  the 
investigation  which  involved  a  variety  of  methods  of  testing. 

Major  findings: 

1.  Antibody  response  in  garter  snakes.  Studies  to  detect  antibody 
response  in  garter  snakes  by  employing  an  indirect  neutralization  test  are 
in  progress.  Specific  antibody  was  measured  in  tests  of  pre-  and  post- 
inoculation  sera  from  snakes  collected  from  the  Bear  River  Wildlife  Refuge 
Area,  Brigham  City,  Utah;  however,  there  is  a  wide  variation  in  antibody 
development  among  individual  snakes  exposed  to  the  same  dose  of  WEE  virus. 


buffalo 
old  swin 
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.  Significance  of  leeches  in  transmissing  virus.  Four  water 
leeches  (Hirudinaria  manillensis)  fed  to  completion  on  an  8-week- 
e  infected  with  Japanese  B  encephalitis  virus  (blood  virus  titer 
uckling  mouse  LD50)  on  11-10-72  and  on  WEE-infected  rabbits  (blood 
ter  range  from  IQ-^-s  to  IQ-'+'M  on  2-22-73.  These  leeches 
n  a  normal  8-week-old  swine.  We  were  unable  to  detect  any 
of  viremia  or  antibody  response  in  the  swine.  The  largest 
leeches  was  dissected  and  various  parts  of  the  body  were  tested 
s,  but  none  was  detected.  These  results  indicate  that  the  water 
leech  is  not  involved  in  the  epidemiology  of  WEE  or  Japanese  B 


fed 


of 


I 


I 


3.  WEE  and  St.  Louis  encephalitis  (SLE)  virus  activity  in  Montana, 


Surveillance  for  WEE  and  SLE  activity  in  Montana 
is  maintained  through  a  cooperative  program  with 
Montana  State  Department  of  Health.  In  a  survey 
sera,  representing  13  counties,  were  tested.  Of 
positive  for  WEE  and  169  (3.96%)  were  positive  fo 
counties  the  rates  for  WEE  varied  from  3.4%  to  13 
from  2%  to  13%.  Of  338  sera  received  from  North 
positive  for  WEE  and  11  were  positive  for  SLE, 


and  neighboring  states 
local  physicians  and  the 
initiated  in  1973,  4,268 
these,  179  (4.19%)  were 
r  SLE.  Among  individual 
%  and  that  for  SLE  varied 
Dakota,  36  were  HAI 


Observations  made  during  the  summer  of  1973  suggest  little  activity 
of  WEE  or  SLE  viruses.  About  200  mosquitoes  from  Fort  Shaw,  Montana  were 
tested  and  found  free  of  virus.  However,  5  sentinel  chickens  "in  the  area 
became  seropositive  to  WEE.  The  small  number  of  sera  submitted  for 
diagnostic  serology  suggests  that  few  cases  of  encephalitis  occurred  among 
man  or  horses. 


Significance  to  biomedical  research  and  the  program  of  the  Institute: 

The  employment  of  the  indirect  neutralization  test  vn  studies  to 
determine  the  capability  of  garter  snakes  to  develop  antibodies  following 
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experimental  WEE  virus  infection  is  under  investigation  and  has  definite 
promise  of  being  a  suitable  method  for  measuring  neutralizing  antibodibs 
in  these  cold-blooded  vertebrates. 


Proposed  course  of  project: 


The  s 
garter  snake 
test,  field 
garter  snake 
continue  to 
other  agenci 
antibodies  ( 
continued  to 
well  as  empl 


tudy  of  WEE  antibody  response  in  experimentally  infected 
s  will  continue.  When  convinced  of  the  reliability  of  the 
collected  sera  will  be  tested  to  deternine  what  role,  if  any, 
s  play  in  the  epidemiology  of  WEE  virus.  The  laboratory  will 
be  of  service  to  the  Montana  State  Department  of  Health  and 
es  in  the  isolation  of  virus  and  serological  testing  for 
both  mosquito-  and  tick-transmitted  viruses).  Efforts  will  be 
obtain,  produce,  and  test  reagents  for  serological  testing  as 
oy  the  best  methods  in  testing. 
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Project  Title:  Tick-borne  disease  agents 

Previous  Serial  Number:  Same 

Principal  Investigators:  C,  M.  Clifford,  C.  E.  Yunker,  and  L.  A.  Thomas 

Other  Investigators:  J.  E.  Keirans  and  R.  N.  Philip 
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Dr.  J.  E.  George,  Texas  Technological  College,  Lubbock 
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3  9/12 

3  9/12 
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1  1/12 

1  1/12 

Other: 

2  8/12 

2  8/12 

Project  Description: 

Objectives: 

To  determine  the  incidence,  distribution,  and  ecology  of  tick-borne 
diseases  that  influence  man  and  domestic  animals  in  the  United  States.  Of 
equal  importance  is  the  investigation  of  the  vector  relationships  of  the 
increasing  number  of  viruses  known  or  thought  to  be  associated  with  ticks. 
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Methods  employed: 

Field  and  laboratory  approaches  include  conventional  and  specialized 
entomological,  ecological,  virological,  and  immunological  techniques. 


Major  findings: 

1.  Viruses  in  ixodid  ticks.  "86 
Ixodes  uriae  in  Oregon 
biochemical ,  biophysic 


capable  of  producing  a 
Vero  cells,  is  marked! 
desoxycholate,  stable 
by  pH3,  and  of  a  size 
fixation  (CF)  test  its 
I_.   uriae  in  eastern  Ru 
to  be  specifically  dis 
unique  position  as  an 
characterization  is  pi 
also  under  study. 


virus,  an  undescribed  agent  from 

was  characterized  with  regard  to  certain 
al ,  serological,  and  pathological  attributes.  It  is 


moderate  cytopathogenic  effect  (CPE)  and  plaques  in 
y  affected  by  treatment  with  ether  and  sodium 
in  the  presence  of  5-bromodeoxyuridine,  unaffected 
ranging  between  100  to  200  mu.  In  complement 

sole  relationship  was  to  Sakhalin  virus  (from 
ssia),  but  serum  neutralization  (N)  test  showed  it 
tinct.  These  reactions  tend  to  place  "86"  virus  in  e 
enveloped  RNA  virus  resistant  to  acid  pH.  Further 
anned.  A  related  strain  from  Alaska  (71.1628)  is 


Sera  from  seabirds  from  Yaquina  Head,  Oregon,  were  tested  by 
hemagglutination  inhibition  (HI)  test  for  evidence  of  infection  with 
Tuleniy  virus.  Nineteen  of  24  murres,  including  some  newly  hatched  chicks, 
were  serologically  positive,  and  5  gull  chicks  were  negative.  The  presence 
of  antibodies  to  Tuleniy  virus  in  newly  hatched  chicks  implies  transfer  of 
maternal  antibody,  perhaps  in  the  eggs.  The  high  percentage  of  murres 
reacting  in  the  N  test  poses  the  question  of  how  Tuleniy  virus  is 

birds  which  are  predominantly  immune  during  the 
and  at  sea  the  rest  of  the  year.  In  tests  of 
for  viruses,  Tuleniy  virus  was  not  recovered,  but  2 
strains  of  Yaquina  Head  virus  were  recovered  in  suckling  mice  and  Vero 
cells. 


circulated  among  these 
3-month  nesting  season 
tissues  of  these  birds 


The  close  serological  relationship  of  Tuleniy  virus  and  Japanese  B 
encephalitis  (JBE)  has  prompted  speculation  about  the  evolution  of  the 
former  from  a  JBE-like  ancestor  to  a  variant  capable  of  overwintering  in 
ticks  and  emerging  in  epidemic  form  in  mosquitoes.  Because  of  this 
speculation  and  because  JBE  virus  can  be  transmitted  by  at  least  8  North 
American  mosquito  species,  it  seemed  advisable  to  determine  if  Tuleniy 
virus  (Three-Arch  strain)  could  be  transmitted  by  an  efficient  vector  of 
JBE  virus.  In  4  experiments,  Culex  tritaeniorhynchus,  the  principal  vector 
of  JBE  virus,  was  intrathoracically  inoculated  with  Tuleniy  virus  in 
various  concentrations  and  ground  and  inoculated  singly  into  suckling  mice 
at  intervals.  Average  virus  content  of  mosquitoes  rapidly  diminished  until, 
by  day  7,  virus  could  no  longer  be  detected.  Additional  tests  are  in 
progress,  but  these  results  suggest  that  this  efficient  vector  of  JBE  virus 
is  refractory  to  Tuleniy  virus.  If  true,  we  must  conclude  that  JBE  and 
Tuleniy  viruses  are,  in  spite  of  antigenic  similarities,  biologically 
distinct  entities  whose  evolutionary  relationships  are  unclear. 
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Viremia  experiments  were  conducted 
viruses  in  wild-caught  seabirds  to  evalua 
natural  cycles  of  the  viruses.  One  of  10 
murres  had  low  levels  of  Tuleniy  virus  4 
tion.  In  view  of  the  large  number  of  wil 
serologically  positive  to  this  virus,  sue 
might  be  expected.  Seagull  chicks  were  a 
However,  titers  were  low  and,  although  al 
one  time  or  another,  viremia  was  not  prol 
virus  caused  a  brief  viremia  of  low  titer 


with  Tuleniy  and  Yaquina  Head 
te  their  possible  role  in  the 

baby  murres  and  2  of  2  adult 
days  after  subcutaneous  inocula- 
d-caught  murres  later  found 
h  a  low  percentage  of  susceptibles 
ble  to  circulate  virus  for  6  days. 
1  5  birds  tested  were  viremic  at 
onged.  Similarly,  Yaquina  Head 

in  seagull  chicks. 


Suckling  mice,  as  well  as  newly  hatched  chicks  and  domestic  ducks 
inoculated  by  2  different  routes,  were  shown  to  be  poor  donors  of 
circulating  Tuleniy  virus.  Therefore,  until  a  satisfactory  host  can  be 
found,  this  virus  can  be  offered  to  candidate  vectors  only  by  artificial 
means  (infected  meal  or  intrathoracic  inoculation). 

Sera  collected  in  1960  from  Alaskan  natives  by  Dr.  R.  Philip  were 
tested  for  Kemerovo  and  Sakhalin  group  viral  antibodies.  In  mouse  N  tests, 
no  reactors  to  "86"  virus  were  detected.  In  plaque  N  tests  of  about  500 
sera  from  Alaskan  males,  4%  showed  significant  protection  against  the 
Yaquina  Head-like  agent  RML  57493-71. 

Isolation  in  Vero  cells  of  CTF  virus  from  human  bloods  was  continued. 
This  study  is  being  done  in  collaboration  with  the  Idaho  State  Department 
of  Health.  (See  also  NIAID-182  and  NIAID-188). 

2.  Viruses  in  argasid  ticks.  A  unique  strain  of  virus  isolated  in 
1969  from  Argas  cooleyi  in  Texas  was  shown  to  share  many  of  the  biochemical 
and  biophysical  characteristics  of  "86"  virus  from  J_.  uriae,  but  thus  far 
has  failed  to  cross  react  in  N  or  cross  CF  tests  with  "86"  or  any  of  120 
other  arboviruses.  The  virus  and  its  serological  reagents  have  been  sent 
to  Dr.  Jordi  Casals  (YARD)  for  comparison  with  viruses  not  accessible  to 
us.  If  no  relationships  can  be  shown  with  any  of  these,  it  will  be 
described  as  new. 

Four  isolations  of  virus  were  made  in  Vero  cells  from  17  pools  of 
Ornithodoros  sp.  (capensis  group)  from  Hawaii.  Three  of  these  isolates 
were  mixed  containing  2  or  3  agents  of  the  serological  groups,  Hughes, 
Quaranfil,  and  Nyamanini.  The  pure  isolate  (RML  63668-9)  is  e  member  of  the 
Nyamanini  group,  probably  Midway  or  Green  Kure  virus.  Both  of  these 
viruses  are  known  from  this  tick  in  the  Central  Pacific. 


Midway  and  Green  Kure  viruses  were  shown  to  differ  in  development 
and  morphology  of  their  plaques  in  Vero  cells,  as  well  as  in  size  of  their 
infectious  particles.  However,  attempts  to  separate  these  two  in 
serological  tests  have  thus  far  failed.  Anti-Midway  serum  protects  Vero 
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cells  from  infection  with  both  agents,  whereas  that  prepared  against  Green 
Kure  virus  is  impotent  against  either  virus.  Further  tests  are  in  progress. 

3.  Assay  systems  for  tick-borne  viruses.  Four  tick-borne  viruses, 
Manawa,  Chober  Gorge,  Zirqa,  and  Dera  Ghazi  Khan,  were  received  from  YARD 
and  added  to  our  bank  of  viral  agents.  These  four  were  tested  in  tissue 
cultures  and  the  last  three  were  found  capable  of  producing  CPE  and  plaques 
in  Vero  cells. 

Relationships  among  agents  of  certain  serological  groups  of  tick- 
borne  viruses  remain  obscure  because  of  low  infe'jtivity  in  mice  and  weak 
reactivity  of  antigens  and  antisera  in  CF  and  N  tests.  Much  effort  was 
expended  on  developing  reliable  CF  and  N  test  procedures  by  which  to 
identify  and  classify  these  agents. 

Results  of  CF  tests  with  Hughes  group  agents  showed  that  Sapphire  II 
and  Soldado  viruses  can  readily  be  distinguished  from  each  other  and  from 
other  members  of  the  group.  Farallon  and  Zirqa  viruses  are  likewise 
readily  separable,  although  some  cross  reactivity  is  evident.  Hughes, 
Raza,  and  Punta  Salinas  viruses  were  so  closely  related  they  were  indistin- 
guishable in  this  test.  N  test  (plaque-reduction)  results  confirm  these 
patterns  but  demonstrate  a  broader  cross  reactivity  for  certain  members 
than  is  evident  by  CF  test. 

Eleven  merribers  of  the  Kemerovo  group  were  also  studied  by  cross  CF 
and  plaque-reduction  N  tests.  Here,  N  test  was  much  more  specific  than  CF 
in  distinguishing  among  different  virus  strains.  This  specificity  and  the 
avidity  of  neutralization  could  be  increased  by  incubation  of  virus-serum 
mixture  at  4°C  for  24  hours  before  inoculation.  Other  viruses  of  various 
serological  groups,  including  CTF  virus,  as  well  as  a  member  of  unidenti- 
fied agents  originating  from  field-collected  materials,  were  also  more 
easily  studied  in  N  tests  when  thus  treated. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 


are  also 
Our 
North  America 


The  genus  Ixodes  plays  an  important  role  in  the  transmission  of 
viruses  that  cause  illness  in  man,  e.g.,  RSSE,  Central  European,  Louping 
111,  Kemerovo,  Omsk  haemorrhagic  fever,  and  Powassan  virus.  They 
important  vectors  of  pathogenic  viruses  to  domestic  livestock 
demonstration  of  a  multiplicity  of  viruses  in  Ixodes  ticks  in 
is  of  potential  epidemiological  significance. 

Russian  scientists  have  suggested  that  ixodid  and  argasid  ticks 
play  an  important  role  in  overwintering  a  number  of  arboviruses.  The 
ability  of  mosquito-borne  arboviruses  to  adapt  to  acarids  would  provide  a 
foci  of  mosquito-transmitted  viruses  along  the  edge  of  their  distribution. 
The  presence  of  West  Nile  virus  in  ticks  in  areas  where  mosquitoes  are 
absent  is  cited  as  support  for  this  theory  by  these  workers.  They  are  also 
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interested  in  Tuleniy  virus  (isolated  from  I^.  uriae)  because  of  its 
affinity  with  JBE  virus.  Further,  they  claTm  to  have  propagated  this 
tick-borne  virus  in  at  least  one  species  of  mosquito.  All  our  experiments 
with  our  Oregon  strain  of  Tuleniy  virus  have  failed  to  substantiate  their 
hypothesis.  More  experiments  are  planned. 

Serological  evidence  provided  by  tests  performed  at  the  RML  and  by 
Russian  workers  have  demonstrated  that  some  of  the  recently  isolated  tick- 
borne  viruses  may  infect  man. 

Basic  work  on  techniques  that  will  allow  us  to  identify  and  charac- 
terize some  of  the  tick-borne  viruses  that  are  of  low  pathogenicity  for 
suckling  mice  is  still  continuing.  These  studies,  if  successful,  could 
make  an  excellent  contribution  to  the  field  of  virology. 

We  have  continued  to  add  to  our  bank  of  tick-borne  pathogens  and  are 
now  capable  of  identifying  these  viruses  from  almost  all  areas  of  the  world. 


iT 
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Proposed  course  of  project: 

Isolation  and  characterization  of  viruses  associated  with  ticks  will 
continue.  Emphasis  will  be  placed  on  devising  techniques  to  allow  for 
antigenic  comparison  of  viruses  now  on  hand.  We  will  continue  to  add  to 
our  reference  stock  of  tick-borne  and  related  viruses  and  to  prepare 
serological  reagents  for  these  agents.  Efforts  will  be  continued  to 
develop  tissue  culture  techniques  to  facilitate  identification  of  tick 
virus  strains  as  they  are  recovered. 

We  will  continue  to  determine  the  vector  potential  of  mosquitoes  for 
viruses  associated  with  American  ticks.  However,  as  mentioned  last  year, 
all  our  tick-borne  studies  especially  those  requiring  reared  arthropods  are 
awaiting  the  replacement  of  an  attendant  in  the  RML  insectary.  Other 
aspects  of  this  program  have  been  delayed  by  changes  in  the  RML  mouse 
colony. 
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Project  Description: 

Objectives: 

The  primary  objective  is  to  acquire  basic  information  about  the 
epidemiology  and  prophylaxis  of  human  infections  with  pathogens  of  special 
interest  to  RML. 

Methods  employed: 

Field  investigations  utilizing  laboratory  methods  for  isolating 
disease  agents  and  detecting  antibody  responses  to  infection  are 
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emphasized.  The  methods  are  standard  epidemiologic,  statistical,  and 
diagnostic  procedures.  As  the  situation  warrants,  specialized  laboratory 
techniques  are  used  for  diagnosis. 

Major  findings: 

1.  Colorado  tick  fever  (CTF).  (See  NIAID-181).  Studies  have  been 
continued  on  the  nature  of  the  prolonged  cell -associated  viremia  in  this 
disease.  In  1973,  115  blood  samples  from  72  patients  from  Montana,  Idaho, 
and  Wyoming  with  illnesses  resembling  CTF  were  examined  for  CTF  virus  in 
suckling  mice  and  Vero  cell  cultures.  Sixty-one  specimens  from  36  persons 
were  positive,  of  which  11  resided  in  the  Bitterroot  Valley.  The  assay 
systems  were  equally  sensitive  for  primary  isolation  of  virus. 

Seventy  virus-positive  cases  have  now  been  examined  for  viremia 
at  various  times  after  illness  onset.  Virus  was  isolated  from  99  of  100 
clots  obtained  during  the  first  12  weeks,  from  only  one  of  13  specimens 
obtained  between  13  and  20  weeks  and  from  none  of  12  specimens  obtained 
after  20  weeks.  Cell-associated  antigenemia,  demonstrated  by  direct 
immunofluorescence,  persisted  somewhat  longer  and  has  been  detected  for  as 
long  as  135  days. 

Serum  from  clotted  blood  was  also  tested  in  Vero  cells.  Hemolysis 
of  varying  degree  was  present  in  many  specimens  submitted  by  mail.  The 
longest  time  interval  from  illness  onset  to  isolation  of  virus  from  serum 
was  51  days,  but  most  sera  were  positive  only  if  they  were  obtained 
within  2  weeks  of  illness  onset. 

Preliminary  attempts  have  been  made  to  identify  the  cell  types  in 
bone  marrow  and  spleen  involved  during  early  experimental  CTF  infection  of 
mice.  Although  fluorescing  cells  can  be  relocated  by  light  microscopy, 
staining  qualities  are  altered  and  specific  identification  has  not  yet 
been  accompl ished. 

2.  Rickettsial  infections.  (Sec  NIAID-171).  Usefulness  of  the 
micro- immunofluorescence  (micro-IF)  test  in  serodiagnosis  of  typhus  and 
spotted  fever  infections  v/as  investigated.  The  procedure  was  that  used 
for  study  of  chlamydial  infections.  Slide  antigens,  obtained  from 

Dr.  Ormsbee,  consisted  of  inactivated  purified  rickettsiae  adjusted  to  a 
concentration  of  100  yg  of  cells  diluted  in  3%   normal  yolk  sac.  Conjugates 
consisted  of  fluorescein-labelled  antiglobulin  or  labelled  antiserum  to 
globulins  of  specific  immunoglobulin  class.  Five  groups  of 
tested.  They  included  1)  sera  from  suspected  CTF  cases,  2) 
employees  who  had  spotted  fever  or  typhus,  3)  sera  obtained 
Ecuador  typhus  patients,  4)  sera  obtained  by  Dr.  Plorde  from  typhus 
patients  in  Ethiopia,  and  5)  sera  obtained  by  Dr.  Sexton  from  patients  in 
Mississippi  who  had  tick-associated  febrile  exanthemata. 


sera  were 
sera  from  RML 
in  1964  from 
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The  micro-IF  test  is  a  promising  serodi agnostic  procedure  for 
ricketLsial  infections.  Micro-IF,  MA  and  CF  tests  correlated  very  well 
with  one  another  in  the  s&rodiagnosis  of  typhus  infections.  The  micro-IF 
test  is  quite  sensitive  and  titers  as  high  as  1:65,000  were  observed. 

In  spotted  fever  the  results  are  not  as  clear-cut.  The  micro-IF 
and  CF  results  correlated  well  with  each  other  but,  for  reasons  unknown, 
not  with  findings  in  the  MA  test.  In  the  Mississippi  series,  46  patients 
had  illnesses  clinically  compatible  with  spotted  fever.  Seventeen  had 
diagnostic  (^  4~fold)  increases  or  high  titers  (1:54  to  1:65,000)  of 
micro-IF  antibodies  in  single  sera,  which  indicated  recent  Rickettsia 
rickettsil  infection.  One  had  a  low  titer  (1:32)  of  questionable 
significance. 

The  seronegative  group  was  particularly  interesting.  Most  of  these 
individuals  had  tick-associated  illnesses  with  characteristic  spotted 
fever  rash,  yet  convalescent  blood  samples  obtained  at  optimum  times  were 
nonreactive  in  all  serologic  tests.  Most  of  these  persons  were  treated 
with  rickettsiae-specific  antibiotics,  but  illnesses  were  often  severe 
and  it  is  difficult  to  reconcile  lack  of  antibody  response  to  specific 
treatment.  The  possibility  that  a  nonspotted  fever  agent  was  involved 
is  being  considered  (see  NIAID-171).  Dr.  Thomas  tested  the  Mississippi 
sera  for  CF  antibodies  to  3  arboviruses  (Saw  Grass,  Lone  Star  and  Silver- 
water),  none  of  which  is  known  to  be  pathogenic  for  man  but  all  of  which 
have  been  recovered  in  this  country  from  Dermacentor  variabilis,  Amblyomma 
americanum  or  Haemaphysalis  leporispalustris  ticks.  None  of  the  sera 
reacted  to  these  agents. 

IgM  antibodies  were  detected  in  sera  from  most  Ecuador  and 
Ethiopian  typhus  patients  and  seropositive  Mississippi  spotted  fever  cases. 
Few  RML  staff  members  with  laboratory-acquired  infection  had  IgM  responses. 
Most  had  received  typhus  and  spotted  fever  vaccine  at  various  times  before 
illness.  This  finding  is  compatible  with  the  generally  held  belief  that 
IgM  antibodies  are  transient  and  not  re. ailed  to  secondary  antigenic 
stimuli.  Of  interest  also  is  the  observation  that  neither  heat  nor 
disulfide-bond  reducing  agents  influenced  IgM  titers  in  micro-IF  reactive 
sera.  This  is  contrary  to  what  has  been  observed  by  others  in  the  CF  and 
MA  tests.  Presumably,  only  one  combining  site  on  each  antibody  molecule 
is  necessary  in  order  to  demonstrate  immunofluorescence. 


Significance  to  biomedical  research  and  the  program  of  the  Institute: 
It  is  unlikely  that  true  "chronic' 


'  viremia  occurs  in  CTF.  Current 
evidence  indicates  that  infection  of  new  red  blood  cells  occurs  only 
during  the  first  3  weeks  after  entry  of  the  virus  in  the  body.  This  time 
interval  coincides  with  appearance  of  circulating  antibodies.  Virus  is 
stabilized  within  red  cells  where  it  remains  viable  for  slightly  longer 
than  3  months.  On  the  other  hand,  attrition  of  infected  cells  is  similar 


65 


-r- 


Serial  No.  NIAID-182 

to  that  of  normal  cells,  and  presence  of  CTF  antigen  can  be  identified  for 
a  short  time  after  viability  of  virus  is  lost.  In  this  sense  the  viremia 
in  CTF  is  a  prolonged,  but  self-limited  viremia. 

This  unusual  manifestation  of  infection  appears  to  be  a  char- 
acteristic of  several  other  arboviruses,  viz.  bluetongue  of  sheep  and 
epizootic  hemorrhagic  disease  of  deer.  It  is  interesting  that  these 
viruses  are  members  of  the  orbivirus  group,  the  taxon  to  which  CTF  virus 
has  been  assigned  and  which  includes  also  the  Kemerovo  group  of  tick-borne 
viruses.  None  of  these  agents,  except  CTF,  is  definitely  known  to  be 
pathogenic  for  man.  All  are  double-stranded  RNA  viruses  relatively 
resistant  to  lipid  solvents,  and  all  are  morphologically  and  morpho- 
genetically  similar.  Perhaps  tropism  for  developing  red  cells  is  also  a 
characteristic  common  to  this  group. 
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uorescence  is  not  new  to  rickettsial  research.  However, 
St  has  several  advantages  over  previously  used  methods. 
s  of  reagents  are  used.  The  antigens  are  placed  on 
es  by  pen-point.  One  slide  can  be  used  to  test  8  dilutions 
t  9  or  more  antigens.  The  reactivity  against  various 
directly  compared  because  the  same  drop  of  diluted  serum 
gens.  Endpoints,  although  subjectively  determined,  are 
th  experience.  The  test  is  somewhat  more  laborious  and 
than  the  CF  procedure  and  probably  will  have  wider 
a  research  tool  than  as  a  routine  serodiagnostic  procedure, 
rticularly  useful  in  detecting  antigenic  differences  in 
ng  typing  sera  of  mouse  or  guinea  pig  origin. 


Proposed  course  of  project: 

We  will  continue  to  investigate  infection  of  blood-forming  elements 
by  CTF  and  related  viruses.  Of  particular  interest  are  the  long-range 
effects,  if  any.  We  hope  to  obtain  follow-up  information  particularly 
relating  to  hematologic  disorders  from  persons  who  have  had  CTF  locally  in 
years  past. 

Use  of  the  micro-IF  test  in  the  study  of  rickettsial  infections  will 
be  continued.  Unusually  complete  and  precise  clinical  information  was 
obtained  by  Dr.  Plorde  on  the  Ethiopian  typhus  cases.  This  will  be 
particularly  useful  in  evaluating  serologic  procedures.  Hopefully, 
additional  information  can  be  obtained  which  will  clarify  the  nature  of  the 
seronegative  spotted  fever-like  illnesses  occurring  in  Mississippi. 

Honors  and  Awards: 

Dr.  R.  N.  Philip 

Invited  to  present  a  paper  at  the  Sixth  Annual  Red  Cross  Scientific 
Symposium  on  "Transmissible  Disease  and  Blood  Transfusion",  Washington, 
D.C.,  May  8-9,  1974. 
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Total : 

14 

14 
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3  5/12 

3  5/12 

Other: 

10  7/12 

10  7/12 

Project  Description: 
Objectives: 

From  a  study  of  naturally  occurring  slow  viral  diseases  of  domestic 
animals,  1)  to  obtain  an  understanding  of  the  mechanisms  by  which  viruses 
cause  protracted  disease,  and  2)  to  develop  concepts  and  investigational 
procedures  that  will  aid  in  determining  whether  viruses  are  causally 
related  to  some  chronic  diseases  of  man. 
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Methods  employed: 


Four  diseases  that  are  the  models  for  continued  study  include: 
1)  scrapie,  a  subacute  pol  loencephalopathy  of  sheep,  2)  a  comparable 
neurologic  disease  of  ranch  mink,  3)  Aleutian  disease,  a  protracted 
systemic  disease  of  ranch  mink,  and  4)  progressive  pneumonia,  a  chronic 
lymphoreticular  proliferative  pulmonary  disease  of  sheep.  Clinicopatho- 
logic,  virologic,  and  immunologic  features  are  studied  to  gain  an  under- 
standing of  tiie  natural  history  and  pathogenesis  of  each  disease.  Although 
no  less  important,  study  of  the  causative  viruses  is  of  secondary  concern, 
largely  because  of  lack  of  personnel. 

1 .  Scrapie 


4 


a.  Natural  infection  in  sheep  and  goats.  Several  new  observa- 
tions support  our  previously  stated  view  that  lambs  under  conditions  at  the 
Scrapie  Field  Trial,  Mission,  Texas,  most  like'iy  become  infected  via  the 
oral  route  early  in  postnatal  life.  For  example,  virus  has  now  been 
detected  in  3  of  6  clinically  normal  Suffolk  sheep  11  to  14  months  old. 

In  all  three,  virus  was  present  mainly  in  the  spleen,  intestinal  tract,  and 
associated  lyrnph  nodes.  Failure  so  far  to  detect  virus  in  lambs  younger 
than  yearlings  suggests  a  long  eclipse  phase  of  the  infection.  More  sheep 
6  to  18  months  old  will  have  to  be  examined  for  virus  before  we  can 
ascertain  whether  the  infection  rate  observed  in  yearlings  is  an  indication 
of  the  incidence  of  disease  in  sheep  2  1/2  to  3  1/2  years  old.  In  some 
families  of  Suffolks,  the  incidence  of  disease  may  reach  50%  by  this  age, 
but  it  is  usually  much  less.  Thus,  whether  the  incidence  of  infection  in 
non-neural  tissues  of  yearlings  is  greater  than  the  usual  incidence  of 
disease  in  the  same  population  of  sheep  2  to  3  years  later  is  still  not 
clear;  the  occurrence  of  subclinical  infection,  therefore,  remains  unknown. 

Our  virologic  findings  in  goats  inoculated  subcutaneously  with 
mouse-adapted  scrapie  virus  indicated  that  replication  in  non-neural 
tissues  is  limited;  infection  occurs  mainly  in  lymph  nodes  and  concentrations 
of  virus  are  low.  These  and  other  observations  led  us  to  suggest  that  goat- 
to-goat  transmission  is  rare  or  does  not  occur  and  that  scrapie  virus  most 
likely  does  not  become  established  in  goats  isolated  from  infected  sheep. 
Recent  virologic  findings  in  2  naturally  infected  goats  from  Mission,  Texas, 
suggest  that  this  may  not  be  so.  For  example,  in  both  goats,  virus  in 
moderately  high  concentrations  was  widespread  in  non-neural  tissues, 
including  the  intestinal  tract.  The  pattern  of  infection  resembles  that  in 
Suffolk  sheep  rather  than  that  in  our  experimentally  infected  goats. 
Whether  this  is  typical  of  goats  infected  under  natural  conditions  while 
cohabiting  with  infected  Suffolk  sheep  remains  to  be  determined.  Strain  of 
infecting  virus  may  be  important  in  explaining  the  differences  observed. 

b.  Response  of  fetal  sheep  to  scrapie  virus.  Results  of  viral 
assays  are  not  yet  available  from  the  study  mentioned  last  year  to  determine 
whether  fetal  sheep  support  replication  of  scrapie  virus.  Preliminary 
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results  of  imnunologic  responses  of  these  fetuses,  however,  are  of 
particular  interest.  Precolostral  serum  from  11  of  15  newborn  lambs 
inoculated  with  a  suspension  of  scrapie  sheep  brain  at  74  to  103  days 
gestational  age  had  immunoglobulin  detectable  by  routine  irmunoelectro- 
phoresis  with  anti-whole  sheep  serum.  Mobility  of  the  immunoglobulin  was 
that  of  IgG  and  its  location  is  compatible  with  the  yGi  subclass  seen  in 
mature  sheep.  Immunoglobulin  was  absent  from  the  precolostral  serum  of  one 
control  lamb  that  had  been  inoculated  as  a  fetus  with  a  similar  suspension 
of  normal  sheep  brain.  (By  virtue  of  the  syndesmochorial  placenta  of 
sheep,  the  fetal  lamb  does  not  receive  immunoglobu,'ins  from  its  dam  during 
pregnancy.)  If  the  absence  of  immunoglobulins  in  lambs  that  receive  normal 
sheep  brain  is  borne  out  by  examination  of  a  larger  number  of  such  controls, 
the  immunoglobulin  response  might  be  explained  in  several  ways.  1)  Scrapie 
virus  is  mitogenic  and  causes  nonspecific  stimulation  of  lymphocytes. 
2)  Scrapie  virus  has  an  adjuvant  effect  and  the  Ig  occurs  in  response  to 
antigens  other  than  virus  in  the  inoculum.  3)  Scrapie  virus  is  antigenic 
and  the  fetal  immune  response  is  directed  to  it.  This  study  is  being 
continued  by  Dr.  Jackson. 

c.  Pathogenicity  of  scrapie  virus  for  mink.  Present  evidence 
strongly  suggests  that  mink  encephalopathy  may  actually  represent  infection 
with  scrapievirus.  As  mentioned  last  year,  neurologic  disease  resembling 
encephalopathy  occurred  in  mink  inoculated  intracerebral ly  with  a  suspension 
of  brain  from  one  of  2  Suffolk  sheep  affected  with  natural  scrapie.  A 
similar  suspension  from  an  affected  Cheviot  did  not.  To  determine  whether 
this  is  a  coimion  or  a  rare  event,  brain  suspensions  from  other  scrapie- 
affected  sheep  (6  Suffolk,  1  Targhee,  and  1  Montadale)  and  from  2  affected 
goats  were  likewise  inoculated  intracerebrally  into  mink.  Because  most 
mink  have  been  inoculated  too  recently,  results  are  not  yet  available. 
Second  passage  in  mink  of  the  one  Suffolk  strain  of  virus  pathogenic  for 
this  aberrant  host  shortened  the  incubation  period  from  about  18  months  to 
8  to  10  months.  So  far,  we  do  not  know  whether  the  first  and  second  mink 
passaged  scrapie  virus  is  still  pathogenic  for  mice. 

2.  Mink  encephalopathy. 

a.  Course  of  infection  in  mink.  Nothing  new  can  be  reported 
about  the  course  of  infection  in  mink.  Conclusions  given  inlast  year  s 
report  still  stand;  the  central  nervous  system  is  the  only  site  where  high 
concentrations  of  virus  occur. 

b.  Response  of  sheep  and  goats  to  virus.  As  stated  in  previous 
reports,  10  of  TTgoats  became  affected  with  a  disease  resembling  scrapie 
30  to  36  months  after  intracerebral  inoculation  with  mink  encephalopathy 
virus.  By  contrast,  only  4  of  19  similarly  inocu  ated  Cheviot  sheep  have 
become  affected  with  scrapie-like  encephalopathy  40  to  70  mont  s  fter 
inoculation.  Several  others  are  now  (72  months  after  'f/^lll'°J}l^^   ^^,^.  . 
clinically  suspicious.  Brain  suspension  of  the  first  affected  sheep  caused 
typical  encephalopathy  in  mink  7  to  8  months  after  intracerebral 


69 


Serial  No.  NIAID-183 


inoculation.  Mice  inoculated  with  this  suspension  or  a  similar  one  from 
an  affected  goat  have  remained  normal.  Whether  additional  passages  of 
encephalopathy  virus  in  sheep  or  goats  will  make  it  pathogenic  for  mice  is 
not  known. 

3.  Aleutian  disease  (AD). 

a.  Response  of  pastel  mink.  As  an  extension  of  the  studies 
reported  last  year  on  the  varied  response  of  pastel  mink  to  Pullman  AD 
virus,  mink  that  remained  clinically  normal  for  29  months  after  subcutaneous 
inoculation  with  a  moderate  amount  of  virus  were  challenged  intra- 
peritoneal ly  with  10  LD50  of  Porter  isolate.  Five  of  7  became  affected 
with  AD  and  died  or  were  killed  when  obviously  sick  2  to  3  months  after 
inoculation.  The  other  two  have  elevated  serum  ganma  globulin  levels  but 
are  still  clinically  normal  one  year  later.  The  large  initial  dose  of 
virus  obviously  did  not  afford  protection  when  the  mink  were  challenged 
more  than  2  years  later  with  a  much  smaller  amount  of  more  virulent  virus. 
In  fact,  quite  the  opposite  occurred.  Explanations  for  the  unusually  short 
course  of  the  disease  in  the  5  challenged  mink  must  be  sought. 

b.  Oral  inoculation  of  mink.  As  a  necessary  preliminary  to  a 
projected  study  mentioned  last  year,  on  the  pathogenesis  of  the  disease 
after  oral  inoculation  of  AD  virus,  starved  mink  were  given  serial  10-fold 
dilutions  of  virus  in  a  bolus  of  feed.  Surprisingly,  the  amount  of  virus 
required  to  cause  disease  by  this  route  was  at  least  10**  times  that 
required  by  intraperitoneal  inoculation.  Pastel  mink  that  proved  unusually 
susceptible  to  intraperitoneal  inoculation  of  the  more  virulent  Porter 
virus  also  failed  to  become  affected  when  given  10^  intraperitoneal  LD50  of 
virus  orally.  These  observations  suggest  that  oral  exposure  of  adult  mink 
to  AD  virus  is  not  an  effective  mode  of  spread  of  the  infection  under 
natural  conditions.  This  seems  so  despite  the  high  titers  of  virus  found 
in  the  intestine  after  subcutaneous  inoculations.  Vertical  transmission, 
as  suggested  by  the  familial  occurrence  of  the  disease  and  by  limited 
isolations  of  virus  from  fetuses,  therefore,  may  account  for  most  cases  of 
the  natural  disease. 


c.  Studies  with  a  third  isolate  of  AD  virus.  Most  of  our 
information  on  AD  has  been  obtained  with  the  Pullman  isolate.  Comparative 
studies  in  the  past  2  years  have  disclosed  several  biologic  differences 
between  this  isolate  and  the  Porter  (Utah)  isolate.  Porter  isolate 
replicates  more  quickly  in  sapphire  mink  and  is  much  more  virulent  for 
pastel  mink  than  the  Pullman  isolate.  A  third  isolate  was  made  during  the 
summer  of  1973  from  a  small  group  of  sapphires  on  a  local  mink  ranch.  This 
isolate  will  allow  us  to  extend  our  comparative  studies  on  biologic 
properties  of  AD  virus  that  may  have  a  bearing  on  understanding  the  natural 
occurrence  of  the  disease. 
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d.  Cell  culture  studies.  Despite  continued  effort  to  establish 
AD  virus  in  a  cell  culture  system,  little  new  information  can  be  reported. 
Virus  was  detected  in  the  tenth  Ui  vitro  passage  of  cells  derived  from  bone 
marrow  of  a  sapphire  mink  infected  with  the  Pullman  isolate.  By  contrast, 
cells  derived  from  mesenteric  lymph  node  of  mink  infected  with  either 
Pullman  or  Porter  isolate  have  been  uniformly  negative  for  virus  at  various 
passage  levels  through  the  eleventh.  Because  recent  reports  indicate  that 
AD  virus  will  grow  in  certain  stable  lines  of  mammalian  cells,  use  of 
explants  of  infected  tissue  seems  a  much  less  productive  approach.  Our 
finding  that  AD  virus  will  at  least  persist  for  many  passages  in  such 
explanted-derived  cell  cultures,  nevertheless,  may  help  explain  what  appear 
to  be  divergent  conclusions  about  properties  of  AD  virus  purportedly 
established  in  cell  culture  by  two  different  investigators. 


e. 
with  AD  virus, 
Project  NIAID-175. 


Various  studies  on  immunologic  responses  of  mink  infected 
Results  of  several  collaborative  studies  are  reported  under 


4.  Progressive  pneumonia. 

a.  Course  of  experimental  infection  in  goats.  During  the  past 
year,  11  goats  inoculated  intravenously  with  a  suspension  of  infected  sheep 
lung  were  examined  periodically  for  viremia  by  inoculation  of  cell  cultures. 
Virus  was  not  detected  at  any  interval  in  any  goat.  These  negative  results 
may  have  been  influenced  by  as  yet  to  be  surmounted  technical  difficulties 
in  the  cell  culture  assays.  All  goats  have  remained  clinically  normal. 

b.  Response  of  fetal  sheep  and  goats  to  the  virus.  In  a  study 
similar  to  that  reported  for  scrapie,  fetal  sheep  and  goats  were  inoculated 
intracerebral ly  with  0.2  ml  of  a  suspension  of  infected  sheep  lung  that 
contained  10^  syncytial  forming  units  per  ml.  Immunoglobulin  like  that 
found  in  newborn  lambs  inoculated  in  utero  with  scrapie  virus  was  present  in 
precolostral  serum  of  6  of  6  newborn  kids  and  in  the  only  newborn  lamb 
tested.  The  significance  of  this  finding  remains  to  be  determined,  but  the 
possible  explanations  mentioned  for  the  fetal  response  to  scrapie  virus 
might  apply  here  as  well.  The  lambs  and  kids,  which  were  allowed  to  live, 
have  remained  clinically  normal. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 


Comments  offered  repeatedly  in  past  reports  still  seem  appropriate 
describing  the  significance  of  this  project  to  biomedical  research.  As  a 
project  worthy  of  support  by  the  Institute,  it  not  only  provides  a  point  of 
departure  for  a  fresh  attack  on  disease  problems  heretofore  considered 
outside  the  realm  of  infections  but  also  complements  more  esoteric  studies 
in  molecular  biology. 


in 
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Proposed  course  of  project: 

Animal  work  will  continue  to  provide  the  necessary  operating  basis 
to  meet  the  objectives  of  the  project.  Nevertheless,  some  reduction  in 
the  amount  of  such  animal  work  is  contemplated  to  adjust  to  the  reduction 
in  personnel.  The  amount  of  collaborative  studies  will  vary  with  the 
number  of  interested  investigators  and  the  extent  that  their  needs  for 
animal  work  can  be  met.  Lack  of  personnel  for  laboratory  virologic  studies 
will  continue  to  leave  this  important  aspect  of  the  project  inadequately 
explored. 


Some  contemplated  studies  are: 

1.  More  normal  yearling  Suffolk  sheep  from  the  Scrapie  Field  Trial 
will  be  examined  for  virus  to  provide  a  clearer  understanding  of  the  course 
of  the  natural  scrapie  virus  infection. 

2.  The  response  of  sapphire  mink  infected  with  AD  virus  in  utero 
or  in  the  early  neonatal  period  will  be  re-examined  to  obtain  a  cTearer 
understanding  of  the  familial  pattern  of  transmission  observed  in  the 
natural  disease. 

3.  Comparative  studies  on  scrapie  and  mink  encephalopathy  viruses 
will  be  continued. 

4.  The  pathogenic  properties  of  the  new  isolate  of  AD  virus  for 
sapphire  and  pastel  mink  will  be  determined  so  that  this  isolate  can  be 
compared  with  the  other  two  that  behave  differently. 

5.  If  Border  Leicester  sheep,  which  supposedly  are  highly 
susceptible  to  progressive  pneumonia  virus,  can  be  obtained,  a  renewed 
effort  will  be  made  to  study  the  pathogenesis  of  the  disease. 

6.  Tissue  culture  studies  with  AD  virus  will  be  continued, 
especially  now  that  Porter  seems  to  have  outlined  some  of  the  conditions 
required  for  successful  in  vitro  growth  of  the  virus. 

Honors  and  Awards: 

Dr.  W.  J.  Hadlow 

Continued  as  Adjunct  Professor  of  Veterinary  Pathology,  ^Jashington 
State  University,  Pullman,  Washington.  In  this  capacity,  served  as 
member  of  graduate  committee  for  Dr.  Linda  C.  Cork  who  completed  her 
Ph.D.  thesis  March  1974. 

Accepted  an  appointment  as  a  discussant  in  the  Review  Program  in 
Veterinary  Pathology  sponsored  by  the  Charles  Louis  Davis  Foundation. 
(Convenes  December  1975  in  Chicago) 
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1.  Rocky  Mountain  Laboratory 

2.  Zoonoses  Section 

3.  Hamilton,  Montana 


PHS-NIH 
Individual  Project  Report 
July  1,  1973  through  June  30,  1974 


Project  Title:  Biological  properties  of  Bordetella  pertussis  antigens 

Previous  Serial  Number:  Same 

Principal  Investigators:  J.  J.  Munoz  and  R.  K.  Bergman 

Other  Investigators:  None 

Cooperating  Units:  Dr.  Franklin  Sogandares-Bernal ,  University  of  Montana, 

Missoula 


Other  NIH 
Personnel 
Assigned  to 


Man  Years 

Lab  Staff 

Project 

Workers 

Total 

Total: 

4   4/12 

4   4/12 

Professional : 

1   6/12 

1   6/12 

Other: 

2  10/12 

2  10/12 

Project  Description: 

Objectives: 

1)  To  fully  characterize  biologically  active  substances  from 
Bordetella  pertussis  with  special  reference  to  the  histamine  sensitizing 
factor  (HSF),  the  protective  antigen  (PA)  and  the  antibody  stimulating 
substances  (adjuvant)  of  these  cells.  2)  To  study  the  mechanism  of 
action  of  these  substances. 
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Methods  employed: 

Standard  immunological,  pharmacological,  biochemical,  and 
bacteriological  techniques,  and  physicochemical  methods  of  fractionating 
biological  materials  are  used. 

Major  findings: 

1.  Purification  of  HSF  (Munoz).  The  method  of  purification  of  HSF 
described  last  year  yields  HSF  in  reasonable  purity:  however,  it  still 
contains  traces  of  contaminants  that  have  been  difficult  to  remove.  We 
have  continued  our  efforts  to  obtain  HSF  free  of  contaminants. 

2.  Relationship  of  HSF  to  various  biological  activities  of 

B.  pertussis  (Munoz  and  Bergman)"  It  has  been  suspected  for  some  time  that 
many  biological  activities  of  pertussis  vaccine  are  due  to  HSF,  but 
absolute  proof  has  not  been  obtained.  To  resolve  this  question,  we  tested 
various  fractions  obtained  during  the  purification  of  HSF  for  the  following 
biological  activities  known  to  be  present  in  pertussis  vaccine:  1) 
induction  of  lymphocytosis,  2)  stimulation  of  y£   globulin,  3)  induction  of 
hypoglycemia  and  hypoproteinemia,  4)  acceleration  of  experimental  allergic 
encephalomyelitis,  and  5)  mouse  protective  activity. 
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immunization  of  mice  against  IC  challenge  with  living 
must  conclude  that  HSF  is  responsible  for  most  biological 

in  whole  cell  vaccines. 


3.  Mechanismof  action  of  HSF  (Bergman  and  Munoz).  We  have 
suspected  for  some  time  that  HSF  may  block  B-adrenergic  receptors  and  thus 
prevent  epinephrine  from  acting  to  compensate  for  the  vascular  changes 
induced  by  vasoactive  amines.  Since  histamine  increases  capillary 
permeability,  this  change  is  thought  to  affect  HSF  activity.  It  has  been 
difficult,  however,  to  demonstrate  conclusively  that  tissue  permeability 
occurs  after  administration  of  HSF.  Employing  the  technique  of  Leibowitz 
and  Kennedy  (Imm.  22,  859,  1972)  as  reported  last  year,  it  has  been 
possible  to  show  systemic  (muscle)  and  local  (skin)  increased  vascular 
permeability  to  i^ij.hsa.  The  effect  of  other  treatments  and  substances 
vascular  permeability  also  was  studied.  Adrenalectomy,  x-irradiation, 
E.   coli  endotoxin,  anti lymphocyte  serum  and  e-adrenergic  blockade  with 
propanolol  were  not  effective  in  increasing  vascular  permeability. 
X-irradiation,  however,  greatly  enhanced  the  subsequent  effect  of  HSF. 

The  effect  of  catecholamines,  histamine,  serotonin  and  a  combination 
of  the  latter  two  amines  on  localized  permeability  in  the  skin  of  normal 
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and  HSF-treated  mice  was  studied.  HSF-treated  animals  had  increased 
permeability  at  a  skin  site  receiving  histamine,  serotonin  or  a 
combination  of  the  amines.  This  permeability  induced  by  histamine  could  be 
blocked  in  normal  ard  in  HSF-treated  mice  by  catecholamines 
(isoproterenol>epinephrine>norepinephrine).  Epinephrine  and  norepinephrine 
were  ineffective,  however,  in  preventing  the  permeability  induced  by 
serotonin,  although  isoproterenol  was  effective.  The  effectiveness  of 
isoproterenol  in  preventing  permeability  changes  either  in  the  skin  or  in 
the  thigh  muscle  is  interesting  because  this  catecholamine  does  not 
protect  HSF-treated  mice  against  death  from  histamiie  given  systemically. 
The  significance  of  these  observations  is  not  yet  clear. 

4 .  Histamine  sensitization  induced  by  Trichinel la  spiralis  (Munoz, 
Bergman,  and  Soqandares-Bernal ).  T.  spiralis  infections  in  mice  have  been 
known  to  induce  yE-globul in  production  with  specificity  to  the  T.  spiralis 
antigens.  B^.  pertussis  extracts  also  increase  yE  to  antigens  gTven  with 
it.  For  this  reason  it  was  thought  that  T.  spiralis  may  also  induce 
histamine  sensitization  in  mice.  The  following  observations  have  been 
made:  1)  Oral  infection  of  CFW  male  mice  (only  ones  used  thus  far)  with 
50  to  100  larvae  obtained  from  muscle  of  infected  rats  or  mice  induced  a 
high  degree  of  susceptibility  to  0.5  mg  of  histamine  given  IP.  2)  About 
the  12th  day  the  larvae  were  deposited  in  the  intestinal  mucosa  by  the 
female,  and  sensitivity  became  apparent  13  to 
3)  The  larvae  were  detected  in  the  muscle  of 
sensitivity  to  histamine  was  first  detected, 
histamine  persists  for  a  long  time.  5)  The 


15  days  after  infection, 
mice  about  the  same  time 
4)  The  sensitivity  to 
LD50  of  histamine  in  infected 


mice  is  0.18  mg  per  mouse,  whereas  that  for  normal  mice  is  about  15  mg. 

It  is  also  interesting  that  the  72-hour  PCA  reactions  (due  to  yE) 
can  be  induced  with  smaller  amounts  of  antibody  in  normal  mice  than  in 
infected  mice  and  that  sera  of  infected  mice  block  PCA  reactions  when 
added  to  the  test  antibody  before  the  antibody  mixture  is  given  to  the 
recipient  normal  mouse.  These  observations  indicate  that  the  yE   induced  by 
the  Trichinel la  infection  may  block  the  sensitization  by  yE   having 
specificity  to  another  antigen. 

In  preliminary  work,  no  leukocytosis  or  increase  in  vascular 
permeability  has  been  detected  in  infected  mice.  Furthermore,  larval 
extracts  given  IP  have  not  been  found  to  be  active  in  sensitizing  mice  to 
histamine. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 


i 


\ 


Because  of  its  many  activities,  the  HSF  is  a  substance  of  great 
importance  to  biologists.  One  of  its  unique  activities  is  increasing  yE 
antibody  production,  with  specificity  to  antigens  given  with  it.  This 
effect  is  similar  to  that  induced  by  various  trematode  infections,  such  as 
V.  spiralis.  The  fact  that  the  serum  of  mice  infected  with  T.  spiralis 
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can  "compete"  with  72-hour  PCA  (yE  antibodies)  indicates  that  stimulation 
of  nonsnecific  yE  may  be  of  some  practical  value  in  treating  allergic 
diseases.  This  intriguing  possibility  for  the  application  of  HSF  in 
allergies  will  be  further  investigated.  The  mode  of  action  by  which  HSF 
induces  production  of  yE   and  by  which  it  enhances  development  of  EAE  are  not 
known,  but  leads  have  been  obtained  that  may  prove  highly  sianificant. 
Increase  in  vascular  permeability,  in  conjunction  with  the  adjuvant  effect 
of  HSF,  may  he  very   important  in  the  acceleration  of  EAE. 

The  protective  antigen  involved  in  immunization  of  children  has  not 
been  yet  identified.  The  mouse  protective  activity  of  B^.  pertussis  cells 
may  be  due  to  many  antigens,  of  which  one  may  be  HSF.  Solution  of  this 
problem  may  provide  practical  answers  for  human  vaccination. 

Proposed  course  of  project: 

We  will  continue  our  efforts  to  fully  characterize  HSF.  The 
histamine  sensitization  effect  of  T.  spiralis  and  the  similarities  and 
differences  to  HSF  will  be  studied.  The  mechanism  of  stimulation  of  yE 
and  the  effect  of  nonspecific  yE  on  hypersensitivity  reactions  will  be 
studied.  The  pi^otective  antigen (s)  of  B^.  pertussis  will  be  investigated 
further. 


Honors  and  Awards: 

Dr.  J.  J.  Munoz 

Courtesy  appointment  as  Faculty  Affiliate,  University  of  Montana- 

On  Editorial  Board  of  Infection  and  Immunity. 

Review  papers  for  Journal  of  Infectious  Diseases. 

Invited  to  participate  in  the  XXI  Annual  Symposium  on  Bacterial 
Toxins  to  be  held  in  Hokano,  Japan,  August  1974. 

Asked  to  participate  in  a  workshop  on  mucosal  diseases  at  the  2nd 
International  Congress  of  Immunology  to  be  held  in  Brignton, 
England,  July  1974. 

Asked  with  Dr.  Bergman  to  write  a  monograph  on  the  "Lnmunological 
Effects  of  B^.  pertussis"  to  be  sponsored  by  the  Center  for 
Immunology,  University  of  New  York  at  Buffalo. 
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Project  Description: 

Objectives: 

The  general  purpose  of  this  project  is  to  investigate  relationships 
among  the  chlamydiae,  to  clarify  the  epidemiology  of  chlamydial  diseases 
and  determine  their  total  importance  to  human  health,  and  to  apply 
technological  advances  to  the  laboratory  study  of  these  organisms. 
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Methods  employed: 


Serologic  procedures,  including  the  radioisotope  precipitation  (RIP) 
and  micro-inimunofluorescence  (micro-IF)  tests,  have  been  evaluated  recently 
as  ancillary  measures  to  isolation  of  chlamydiae  in  elucidating  the  extent 
and  characteristics  of  human  infection. 

Major  findings: 

1.  Serologic  surveys.  The  parameters  of  RIP  and  micro-IF  tests 
have  been  largely  defined  in  serologic  surveys  of  various  population  and 
age  groups  with  varying  exposure  to  chlamydial  infection.  To  complete 
this  phase  of  our  investigation,  the  patterns  of  seroreactivity  in  older 
age  groups  were  needed  to  complement  our  information  which  suggested  a 
relationship  in  younger  age  groups  of  reactivity  to  the  level  of  sexual 
activity.  In  1973,  sera  obtained  from  647  senior  citizens  who  participated 
in  a  multiphasic  screening  program  in  Ravalli  County  were  tested  for 
micro-IF  antibodies  against  various  Chlamydia  trachomatis  immunctypes.  The 
average  age  was  55  years  and  37%  were  males.  Overall,  12%  had  chlamydial 
antibodies  and  titers  were  generally  low.  There  was  no  unusual  age 
distribution,  but  the  frequency  of  reaction  among  women  was  twice  that 
among  men.  Average  antibody  titers  were  also  distinctly  higher  among 
women.  We  have  no  explanation  for  these  highly  significant  (P  <  0.001) 
differences.  Only  1%  of  persons  had  IgM  antibodies  and  nearly  all  reactors 
were  women.  Nearly  one  half  of  IgM  antibodies  were  specifically  directed 
toward  the  TRIC,  type  A  irrmunotype  of  C_.  trachomatis,  which  has  never  been 
associated  with  genital  infection. 

2.  C.  trachomatis  antigens  in  RIP  tests.  In  tests  of  C.  trachomatis 


antisera,  the  RIP  test  with  P^^-la 
measures  only  the  chlamydial  group 
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inclusion  conjunctivitis  (strain  LB-1) 
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3.  Micro-IF  antigens.  Use  of  inclusion-containing  whole  cells 
from  infected  monolayers  for  antigen  in  the  micro-IF  test  was  investigated. 
Variation  in  intensity  of  staining  from  one  infected  cell  to  another,  and 
even  within  a  single  inclusion,  made  it  difficult  to  detect  strain 
differences  based  on  intensity  of  fluorescence.  However,  the  lesser  amount 
of  cellular  debris  in  tissue  culture  antigens,  as  compared  with  crude  yolk 
sac  antigens,  contributed  to  unusually  clear,  bright  pictures  of  fluorescing 
extracellular  particles,  some  of  which  were  always  present  in  addition  to 
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inclusions.  Purified  particle  suspensions  prepared  from  infected  tissue 
culture  cells  disrupted  at  appropriate  intervals  should  improve  the 
precision  of  reading. 

4.  Miscellaneous.  Others  have  reported  steric  hindrance  of  IgM 
immunofluorescence  by  avid  IgG  chlamydial  antibody.  A  simple  procedure 
for  separating  IgG  and  IgM  immunoglobulins  in  test  sera  might  increase  the 
effectiveness  oT  micro-IF  assay  for  IgM  antibody.  Removal  of  as  much  as 
90%  of  IgG  antibody  by  several  procedures  (DEAE,  sepharose  immunoabsorbents) 
has  not  thus  far  unveiled  IgM  reactivity  undetectable  in  whole  serum. 

Primary  duck  embryo  cells  were  tested  for  susceptibility  to  3  TRIG 
strains  (UW-3,  UW-6,  and  DC-049).  All  strains  produced  some  inclusions, 
particularly  UW-6,  but  growth  was  generally  inferior  to  that  in  Hela  229 
cells. 

In  completing  investigations  on  toxicity  of  chlamydiae  for  cell 
monolayers  preparatory  to  publication,  a  concerted  effort  was  made  to 
relate  infectivity  of  a  chlamydial  suspension  with  its  toxicity  for  L  cells. 
With  meningopneumonitis  chlamydia  as  the  prototype,  it  was  found  repeatedly 
that  about  200  inclusion-forming  units  per  cell  were  necessary  to  produce 
toxic  effects,  as  measured  by  complete  destruction  of  monolayers  in  16  hours, 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 


Our  knowledge  of  the  importance  of  chlamydiae  in  human 
particularly  agents  transmitted  directly  from  man  to  man,  has 
behind  that  concerning  many  other  infectious  agents.  The  part 
problems  have  related  to  difficulties  in  establishing  diagnose 
relating  infection  to  disease.  Laboratory  procedures  for  isol 
identifying  these  agents  have  improved  tremendously  in  the  las 
yet  they  still  are  not  ideal.  We  have  recently  concentrated  o 
evaluating,  and  applying  serologic  techniques  to  study  chlamyd 
infection,  not  as  self-contained  diagnostic  procedures  but  as 
measures  to  be  used  in  conjunction  with  isclation  methods.  We 
that  both  the  RIP  test,  because  of  its  great  sensitivity,  and 
test,  because  of  its  immunotype  responsiveness  and  capability 
IgM  antibodies  indicative  of  primary  infection,  are  useful  epi 
procedures.  From  serosurveys  we  have  attempted  to  gain  some  i 
the  frequency  of  chlamydial  infections  in  various  population  g 
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We  have  encouraged  collaboration,  particularly  with  British 
investigators,  because  they  have  been  especially  active  in  defining  the 
relationship  between  chlamydial  infection  and  such  genito-urinary  disease 
as  nonspecific  urethritis,  a  major  problem  both  in  Britain  and  in  this 
country.  Our  serologic  support  has  complemented  their  clinical  acumen  and 
their  experienced  use  of  isolation  procedures  to  define  genital  TRIG 
in-^ections. 
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Proposed  course  of  project: 


We  plan  to  continue  these  studies,  but  with  reduced  emphasis.  Orr 
work  in  this  area,  at  least  in  the  near  future,  will  be  primarily 
collaborative,  giving  serologic  support  to  Drs.  Reeve  and  Oriel  in  their 
investigations  of  chlamydial  and  nonspecific  urethritis.  Concurrently  we 
are  "tying  the  loose  ends"  of  preceding  work  in  preparation  for  publication 
of  findings  to  date  (viz.,  application  of  RIP  to  epidemiologic  study  of 
chlamydial  infection,  comparison  of  RIP  and  micro-IF  procedures,  nature  of 
chlamydial  toxicity  in  cell  cultures,  immunoglobulin  class  of  chlamydial 
antibody  responses,  and  preparation  of  better  micro-IF  antigens). 

The  multi-team  approach  to  determine  etiologic  relationships  of 
chlamydiae  to  urethritis  in  several  urban  centers  (see  1972-1973  report) 
has  not  materialized,  and  we  feel  that  because  of  our  remoteness  from  a 
large  urban  center,  we  are  not  in  a  favorable  position  to  undertake  a 
comprehensive  epidemiologic  study  of  this  problem  strictly  on  our  own. 

However,  we  have  not  become  disinterested  in  this  area  of  research 
and  are  prepared  to  resume  full-scale  activities  if  promising  opportunity 
arises. 


Publications; 


Gordon,  F.  B.,  Quan,  A.  L.,  Steinman,  T.  I. 
Chlamydial  isolates  from  Reiter's  syndrome. 
376-380,  1973. 


and  Philip,  R.  N.; 
Br.  J.  Vener.  Dis, 


49: 


Hill,  D.  A.,  Philip,  R.  N.,  Greaves,  A.  B.,  and  Purcell,  R.  H.: 
Mycoplasmas  recovered  from  patients  with  urethritis.  Br.  J.  Vener. 
Dis.  49:  524-530,  1973. 

In  press: 

Philip,  R.  N.,  Casper,  E.  A.,  Gordon.  F.  B.,  and  Quan,  A.  L.: 
Fluorescent  antibody  responses  to  chlamydial  infection  in  patients 
with  lymphogranuloma  venereum  and  urethritis.  J.  Immunol. 
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ption 

•■ 

To  study  dynamics  of  viral,  rickettsial,  and  bacterial  infections  in 
arthropod  vectors  and  the  interactions  between  microorganisms  and  arthropod 
host,  as  reflected  by  changes  in  morphology,  histology,  and  fine  structure 
of  arthropod  tissues. 
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Research  during  the  past  year  included  1)  vesicular  stomatitis  virus 
(VSV)  growth  and  cellular  interaction  in  phlebotomine  sandflies, 
2)  Colorado  tick  fever  (CTF)  morhpogenesis  and  localization  in  Demiacentor 
andersoni  tissues,  3)  study  of  rickettsia-like  nonpathogenic  microorganisms 
from  field-collected  Amblyomma  americanum,  D^.  andersoni ,  and  D^.  variabil  is, 
4)  characterization  of  a  new  spotted  fever  group  rickettsia  from  the  brown 
dog  tick,  Rhipicephalus  sanguineus,  from  Mississippi,  5)  comparative  study 
of  rickettsial  agents  and  tick  symbiotes  in  R_.  sanguineus,  A.  americanum, 
and  Haemaphysalis  leporispalustris,  and  6)  subcellular  changes  related  to 
the  spermatogenesi?  in  D.  andersoni. 

Methods  employed: 

In  addition  to  routine  techniques  of  medical  entomology, 
bacteriology,  and  virology,  fluorescent  antibody  procedures  are  applied  to 
studies  of  viral,  bacterial,  and  rickettsial  infections  in  arthropods. 
Electron  microscopy  (EM)  is  used  to  characterize  subcellular  structures  of 
normal  and  infected  arthropod  tissues  and  to  determine  morphology  of 
microorganisms  during  intracellular  development. 

Major  findings: 

1.  The  EM  study  of  VSV  in  sandflies  has  progressed  slowly  because 
the  majority  of  the  400  specimens  submitted  were  found  inadequately 
infiltrated  with  gluteraldehyde.  In  female  flies,  24  hours  after  feeding 
on  viremic  hosts,  VSV  was  consistently  detected  in  gut  epithelial  cells, 
primarily  in  the  peripheral  cytoplasm  adjacent  to  the  basement  membrane. 
In  the  cytoplasm  of  these  cells,  VSV  was  commonly  surrounded  by  a  membrane 
of  apparent  host  cell  origin.  No  VSV  was  found  in  blood  meal  residue  in 
the  gut  lumen  or  in  the  peritrophic  membrane.  In  fragments  of  sections 
obtained  from  6-day  post-fed  females,  VSV  was  observed  in  muscle  tissues 
associated  with  the  hypodermis.  No  virus  was  detected  thus  far  in  larval 
specimens  derived  from  infected  females. 

2.  Considerable  efforts  to  demonstrate  CTF  virus  in  salivary  glands, 
central  ganglion,  hypodermis,  and  ovarian  tissues  of  experimentally  infected 
D.  andersoni  failed. 


t 


were 


3. 

made 


Additional  isolations  of  spotted  fever-group-related  rickettsiae 

from  A.  americanum  collected  in  Tennessee  and  Alabama.  Like  the 

strains  previously  recovered,  they  were  nonpathogenic  for  guinea  pigs. 
Mild  and  transient  infections  in  tunica  vaginalis  of  meadow  voles,  however, 
could  be  established  by  injection^oTHTrge  concentrations  of  tissue  culture- 
grown  rickettsiae.  Serial  passage  of  infected  tissues  in  meadow  voles  could 
not  be  accomplished. 

In  A.  americanum  the  new  isolates  behaved  like  those  previously 
studied;  moderate  rickettsial  infections  were  present  in  all  tissues,  and 
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the  organisms  were  passed  via  eggs  to  100%  of  their  progeny.  No  marked 
differences  between  these  organisms  and  other  spotted  fever  group  agents 
could  be  seen  by  EM. 

The  bacillus-like,  nonpathogenic  microorganisms  isolated  from 
£.  andersoni  (western  Montana,  British  Columbia,  and  Canada)  and 
D^.  variabilfs  (Tennessee,  Alabama,  and  South  Carolina)  failed  to  grow  in 
mouse  L  cel"i  monolayers.  Their  growth,  however,  has  been  achieved  in  chick 
embryo  fibroblasts.  Development  is  extremely  "^low  and  to  date  has  been 
insufficient  for  preparing  antigens  for  serologic  comparison  with  pathogenic 
rickettsiae. 


4.  The  spotted  fever-group-related  rickettsial  agent  detected  in 
R^.  sanguineus  from  Mississippi  (see  NIAID-171)  behaves  in  this  tick  like 
Rickettsia  rickettsii  does  in  2-  andersoni ,  D.  variabilis,  or  H^.  leporis- 
palustris.  Infected  female  ticks  collected  from  dogs  were  found  to 
transmit  this  agent  ovarially  to  100%  of  their  progeny.  Organisms  stained 
by  conventional  microscopy  appear  to  be  similar  to  symbiotes  of 

R^.  sanguineus,  but  when  examined  by  EM,  their  morphology  was  typical  of 
rickettsiae  and  different  from  that  of  Wolbachia-like  symbiotes.  Tentative 
classification  as  a  member  of  the  spotted  fever  group  was  indicated  by 
intracellular  as  well  as  intranuclear  growth,  cross  reactions  with  FITC- 
labelled  anti-R,.  rickettsii  conjugates,  and  by  immunity  of  guinea  pigs  that 
had  been  inoculated  with  microtus  tissue  suspensions  and  subsequently 
challenged  with  virulent  R^.  rickettsii .  On  the  other  hand,  fluorescent 
antibody  staining  patterns  and  physiologic  behavior  different  from  those  of 
R.  rickettsii  suggest  that  this  agent  represents  a  new  member  of  the 
spotted  fever  group. 

5.  Differentiation  of  rickettsial  agents  from  Wolbachia-like 
symbiotes  by  conventional  staining  methods  is  difficult,  particularly  in 
ticks  like  R.  sanguineus  and  A.  americanum  whose  symbiotes  appear 
indistinguishable  from  rickettsiae^  During  the  past  year,  EM  studies  were 
conducted  to  establish  the  fine  structure  of  symbiotes  in  these  ticks  as 
well  as  in  H_.   leporispalustris.  Observations  made  so  far  reveal  morphologic 
characteristics  unquestionably  different  from  those  of  rickettsial  agents. 

6.  Investigations  into  cellular  changes  occurring  during  spermato- 
genesis and  the  process  of  elongation  during  spermiogenesis  in  D.  andersoni 


>, 


showed  that  upon  completion  of  the  second  meiotic  division  early  spermatids 
exhibit  considerable  cytoplasmic  reorganization.  This  results  in 
relocation  of  the  nucleus  and  deep  membranous  cisternae  to  opposite  ends  of 
the  cells.  Cell  elongation  began  with  the  nucleus  confined  to  a  polar 
position,  cytoplasm  was  restricted  around  the  periphery  of  the  cell,  and 
the  central  region  of  the  cell  contained  further  elongating  membranous 
cisternae  in  a  parallel  array. 


\ 
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Significance  to  biomedical  research  and  the  program  of  the  Institute: 

Knowledge  pertaining  to  the  developmental  fine  structure  of  VSv-cell 
interaction  in  ti^^ues  of  infected  phlebotomine  flies  is  necessary  to  fully 
understand  the  significance  of  these  Diptera  as  vectors  and  reservoirs  of 
this  important  agent.  Observations  made  so  far  are  too  scanty  to  permit 
analysis  as  to  localization  and  morphogenesis  of  VSV  in  this  vector. 

Failure  to  detect  CTF  virus  by  EM  in  experimentally  infected 
p.  andersoni  is  puzzling  in  view  of  findings  by  o:her  investigators  who 
described  the  morphogenesis  of  this  agent  in  mouse  brain  and  tissue  cultures 
as  similar  to  those  of  reoviruses.  It  appears  that  development  of  CTF  virus 
in  tick  tissues  differs  from  that  in  mice  and  tissue  cultures  or  that  virus 
concentrations  are  too  low  to  be  detectable  by  EM. 


A. 


Significance  of  the  nonpathogenic  rickettsial  agents  isolated  from 
americanum,  D.  andersoni,  and  D.  variabilis  cannot  be  assessed  until 


their  relationship  to  the  spotted  fever  group  rickettsiae,  particularly  to 
R.  rickettsii ,  has  been  established.  However,  since  all  these  ticks 
readily  feed  on  man,  it  is  essential  that  the  rickettsia-like  microorganisms 
are  characterized  and  identified.  Likewise,  it  is  important  to  determine 
whether  the  agent  in  R.  sanguineus  causes  disease  in  man. 

Knowledge  of  morphology  and  development  of  tick  symbiotes  (Wolbachia) 
is  required  for  studies  of  tick  vector/pathogen  relationships.  Recently,  a 
pathogen  from  H.   leporispalustris  was  shown  to  cause  cataract  formation  in 
suckling  mice  and  was  classified  as  a  mycoplasma  (Ziegel  and  Clark,  1974). 
This  agent  strongly  resembles  the  Wolbachia-1 ike  symbiotes  in  H.  leporis- 
palustris. 

Proposed  course  of  project: 

Continuation  of  the  EM  study  on  morphogenesis  and  vector/relationship 
of  VSV  will  depend  on  the  availability  of  additional  suitably  prepared 
material . 

Further  attempts  are  in  progress  and  will  be  continued  to  localize 
and  demonstrate  CTF  virus  in  experimentally  infected  D.  andersoni ;  emphasis 
will  be  placed  on  examination  of  muscle  tissues  which  so  far  have  not  been 
examined. 

Rickettsia-like  microorganisms  isolated  from  A.  americanum, 
D  andersoni,  and  D.  variabilis,  as  well  as  the  spotted  fever-group-related 
Igent  from  R.  sanguineus  will  be  grown  on  various  tissue  culture  systems  to 
obtain  sufficient  material  for  purification  by  zonal  rotor  centrifugation. 
Purified  preparations  will  then  be  subjected  to  biochemical  and  immunologic 
analyses  to  determine  relationship  of  these  agents  to  pathogenic 
rickettsiae. 
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A  comparative  study  between  the  Wolbachia-like  symbiotes  from  the 
rabbit  tick,  F[.  leporispalustris ,  and  the  suckling  mouse  cataract  agent 
will  be  initiTteBT 


*  '^ 
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Project  Description; 


V 


Objectives: 

1)  To  investigate  the  host-range,  cellular  relationships,  and  growth 
dynamics  in  arthropods  or  their  cells  of  pathogenic  agents  transmissible 
by  vectors  among  man  or  animals,  2)  to  develop  systems  of  vector  or  vector- 
related  tissue  and  cell  culture  and  to  apply  these  systems  to  the  study  of 
arthropod-borne  disease  and  vector-pathogen  relationships,  3)  to  define  the 
microenvironment  to  which  pathogenic  microorganisms  are  subjected  when 
ingested  by  tick  vectors,  4)  to  provide  basic  biochemical  information 
necessary  for  the  progress  of  developmental  tick  tissue  culture  studies. 

Methods  employed: 

Disease  agents  of  primary  interest  are  arthropod-borne  viruses  and, 
to  a  lesser  extent,  rickettsiae,  which  are  transmitted  by  Acarina  and 
Insecta.  Conventional  basic  techniques  in  laboratory  arbovirology  and 
experimental  acarology  and  entomology  are  employed.  A  major  effort  involves 
development  and  use  of  arthropod  tissue  and  cell  cultures.  Standard  and 
specially  devised  biochemical  and  physiological  techniques  are  used  to 
determine  the  nature  of  tick  body  fluids.  Resultant  findings  are  employed 
in  the  preparation  of  tick  tissue  culture  medium  in  efforts  to  improve  the 
growth  supporting  characteristics  of  the  medium. 

Major  findings: 

1.  Our  previous  findings  demonstrated  that  the  ability  of  an 
arbovirus  to  plaque  in  a  mosquito  cell-line  correlates  well  with  its 
serological  group  and  vector-relationship.  We  then  investigated  some 
implication  of  these  results  for  the  recognition  and  classification  of 
arboviruses. 

Two  strains  of  West  Nile  (WN)  virus  (typically  mosquito-borne) 
isolated  from  ticks  were  compared  with  a  mosquito  isolate  of  WN  in  Aedes 
albopictus  cells  cultured  in  both  fluid  and  agar  overlay  media.  No 
differences  in  virus-growth  dynamics  or  plaque  morphology  were  seen,  and 
this  finding  suggests  that  the  actual  source  of  the  virus  from  the  ticks 
was  ingested  host  blood  rather  than  infected  tick  tissues. 

Japanese  B  encephalitis  (JBE)  virus  and  Tuleniy  virus,  both 
serologically  closely  related,  were  tested  for  their  ability  to  grow  in  2 
lines  of  Culex  tritaenorhynchus  cells.  This  mosquito  is  the  classical 
vector  of  JBE  virus  and  cells  derived  from  it  should  be  able  to  support 
growth  of  Tuleniy  virus  if,  as  some  workers  have  postulated,  it  is  nothing 
more  than  a  strain  of  JBE  isolated  from  ticks.  Both  Hsu's  and  Schneider's 
lines  of  C_.  tritaenorhynchus  supported  rapid  and  abundant  increase  of  the 
Nakayama  and  K29  strains  of  JBE  virus,  but  failed  to  sustain  Tuleniy  virus 
(Three-Arch  strain).  This,  together  with  our  previous  evidence  that 
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Tuleniy  virus  will  grow 
results  of  transmission 
mosquito-borne  virus. 


in  tick  cells  but  not  in 
studies  (see  NIAID-181), 


Ae.  albopictus  cells  and 
indicates  that  it  is  net  a 


2.  Twelve  clones  of  Ae.  albopictus  calls  were  established.  These 
will  be  tested  for  virus  susceptiFTlity  and  plaquing  ability.  It  is  known 
that  virus  production  is  limited  to  only  a  small  proportion'^ of  the  cells  of 
the  parent  peculation  yet,  despite  this,  plaques  are' readily  formed.  Clonal 
populations  might  be  expected  to  have  differing  susroptibilities  to  virus 
infection.  Also,  the  superiority  of  Ae.  albopictus  cells  for  the  primary 
isolation  of  certain  viruses  of  low  pathogenicity,  e.g.,  dengue  viruses, 
might  further  be  improved. 


3.  Last  year  we  reported  that  Rickettsia  rickettsii 
would  cause  plaque  formation  in  Ae.  albopictus  eel 
parallel  plaque  reduction  neutralization  tests,  we 
more  protection  was  afforded  Ae.  albopictus  cells 
incubation  of  R.  rickettsii  with  a  homologous  immu 

Vero 


and  R^. 
year. 


conori 


contrast  to  antigens  produced  in  Vero  cells,  which 
complementarity  activity,  good  complement-fixation 
R.  rickettsii  and  R.  conori  were  prepared  from  Ae. 

one  30  ml  culture  flas 
that  from  an  infected 


The  yield  of  R^.  conori  from 
approximately  equivalent  to 


Is.  This  year,  1n 

found  that  significantly 
than  Vero  cells  by 
ne  serum.  Also,  in 

tend  to  contritjute  anti- 

(CF)  antigens  of 

albopictus  cell  cultures, 
k  was  determined  to  be 
egg. 


4.  In  collaboration  with  Dr.  J.  A.  Howarth,  we  attempted  to  isolate 
pathogenic  agents  from  ticks  collected  in  a  focus  of  bovine  abortion  at 
Hopland,  California.  Seventy-two  pools  of  ticks,  including  Dermacentor 
occidental  is,  Ixodes  pacificus,  and  Ornithodoros  coriaceus  were  tested  in 
Ae.  albopictus  and  Vero  cells,  and  suckling  mice.  Many  of  these  were  also 
tested  in  guinea  pigs,  Microtus,  and  embryonated  eggs.  Three  pools  of 
D^.  occidental  is  yielded  isolates  of  rickettsial  organisms  only  in  Vero  and 
Ae.  albopictus  cells.  When  inoculated  into  guinea  pigs,  these  isolates 
caused  no  symptoms  or  mild  fever,  but  did  induce  CF  antibodies  to  Rocky 
Mountain  spotted  fever  (RMsf).  Subsequently,  these  animals  resisted 
challenge  with  virulent  R^.  rickettsii ;  yolk  sac  antigens  prepared  from  the 
isolates  were  positive  in  CF  tests  against  RMsf  antiserum.  Indications  are 
that  the  organism  involved  is  a  member  of  the  RMsf  group,  but  attempts 
failed  to  prepare  a  specific  immune  mouse  sera  against  this  and  related 
agents  endemic  in  the  area.  Selected  bovine  sera  from  aborted  calves  or_ 
mothers  reacted  in  CF  test  only  with  Brucella,  Francisella,  or  psittacosis 
antigens  or  were  unreactive.  The  rickettsial  isolates  were  passed  in  Vero 
cells  and  used  to  infect  pregnant  cows  at  the  University  of  California 
(Davis);  results  are  pending. 

Three  isolations  of  rickettsiae  from  bloods  of 
made  in  Ae.   albopictus  and  Antheraea  eucalypti  cells 
plaques  in  both  Ae.  albopictus  and  Vero  cells 


loca""  chipmunks  were 
These  agents  produced 
Attempts  to  prepare  a  high 
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titered  infectious  stock  in  embryonated  eggs  were  unsuccessful.  Neverthe- 
less, these  results  and  the  successful  isolation  of  RMsf  group  organisms 
from  California  ticks  demonstrate  the  utility  of  insect  cells  as  systems 
for  primary  isolation  of  rickettsiae  from  field-collected  materials. 

5.  Developmental  tick  tissue  culture  efforts  have  suffered  greatly 
from  our  inability  to  hire  an  insectary  attendant.  Despite  this, 
approximately  200  attempts  were  made  to  establish  a  continuous  cell  line 
from  embryonated  tick  eggs,  mostly  of  Dermacentor  andersoni .  Successes 
with  other  tick  species  reported  by  Russian  and  British  workers  could  not 
be  repeatEdwith  D.  andersoni ,  but  their  techniques  are  promising  and  will 
be  retested  as  tTcks  become  available. 

6.  Progress  in  studies  of  tick  biochemistry  and  physiology  under 
PL-480  agreement  No.  03-016-1  includes  the  publication  of  10  research 
articles.  Significant  findings  include: 

a.  Completion  of  a  descriptive  study  of  reproduction  in 
parthenogenetic  populations  of  Haemaphysalis  longicornis.  This  disease 
vector  and  important  pest  of  livestock  was  added  to  the  study  primarily 
because  its  unique  mode  of  reproduction  and  the  triploid  nature  of  its 
genetic  material  make  it  of  interest  in  developmental  tick  tissue  culture 
efforts. 

b.  An  experimental  study  of  respiration  in  different  physio- 
logical states  of  an  ixodid  tick  has  shown  that  oxygen  consumption  is 
highest  in  the  mated,  fed  female,  as  opposed  to  the  unmated,  fed  and 
unmated,  partially  fed  female.  The  increase  correlates  in  time  with 
vitellogenesis.  These  facts  are  of  significance  in  selecting  physiological 
states  of  ixodid  ticks  for  tissue  culture  purposes. 

c.  The  relationship  of  feeding  of  ixodid  and  argasid  ticks  to 
oviposition,  molting  and  protease  activity  were  studied  in  detail.  These 
factors  conceivably  influence  the  survival  and  multiplication  of  tick-borne 
pathogens  in  these  vectors. 

d.  Studies  of  osmolarities  for  body  fluids  of  argasid  ticks  and 
identities  of  fatty  acids  in  fluids  of  ixodid  ticks  were  completed.  Results 
provide  baseline  data  directly  applicable  to  formulation  of  tissue  culture 
media. 

e.  Qualitative  and  quantitative  studies  of  nitrogenous  excretion 
in  argasid  ticks  continued.  Knowledge  of  this  process  may  reveal  metabolic 
pathways  and  critical  growth  factors  for  tick  cells,  and  possibly  the 
influence  of  symbiotic  microorganisms  on  tick  metabolism. 

f.  As  before,  the  need  for  new  and  more  precise  analytical 
techniques  by  which  to  study  small  quantities  of  tick  fluids  has  resulted 
in  publication  of  two  valuable  research  notes  on  methodology. 
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7.  We  continued  to  supply,  upon  request,  cell  cultures,  training, 
consultation,  and  information  to  institutions  and  to  investigators,  both 
here  and  outside  the  Institute. 


In  support  of  a  study  being  made  by 
fever  (CTF)  virus  in  human  blood  fractions 


Dr.  R.  Philip  of  Colorado  tick 
(see  NIAID-182)  we  made  virus 


isolation  attempts  from  serum,  as  well  as  from  sonic-disrupted  or  whole 
washed  erythrocytes.  Isolation  rates  in  Vero  cells  were  comparable  to 
those  obtained  in  suckling  mice  or  to  infection  rates  as  determined  by 
immunofluorescent  microscopy.  Rates  from  sonicated  erythrocytes  were  9-20 
times  higher  than  from  those  with  intact  stroma. 

In  support  of  NIAID-181  we  investigated  the  effect  of  heparin  on 
isolation  rate  of  certain  tick-borne  orbi viruses  from  blood  samples. 
Earlier  we  had  noted  significant  loss  (±  3  logs)  of  CTF  virus  titers  in 
heparinized  plasma,  as  opposed  to  unheparinized  serum,  of  viremic  mouse 
bloods.  This  year  tests  were  made  with  virus-infected  guinea  pig  bloods 
and  with  standard,  serum-  or  plasma-free  virus  diluents.  Viruses  used 
included  CTF,  Yaquina  Head,  Zirqa,  and  Sixgun  City.  In  each  case, 
incubation  of  the  mixture  with  1:20  (600  units/ml)  heparin  for  1  hour  at 
37°  C  followed  by  24  hours  storage  at  4°  C  caused  2-  to  10-fold  loss  of 
titer  (PFU)  compared  with  similarly  treated  samples  lacking  heparin. 
These  findings  indicate  that  certain  tick-borne  orbiviruses  are  inhibited 
by  this  sulfated  polyanion,  and  that  storage  or  transport  of  such  viruses 
in  blood  samples  should  be  done  in  the  absence  of  heparin. 

Significance  to  biomedical  research  and  the  program  of  the  Institute: 

These  findings  continue  to  demonstrate  the  utility  of  in  vitro 
arthropod  cell  systems  for  the  isolation  and  identification  of  arthropod- 
borne  viruses  and  rickettsiae.  In  addition,  they  illustrate  how  such 
systems  may  be  used  to  provide  evidence  with  which  to  understand  the  cycle 
of  such  organisms  in  nature. 

Biochemical  and  physiological  studies  of  ticks  provide  a  rational 
basis  for  development  of  tick  tissue  and  cell  cultures  as  well  as  insight 
into  numerous  factors  affecting  arthropod-vector  potential  and  host- 
pathogen  relationships. 

Proposed  course  of  project: 

We  will  continue  to  investigate  the  growth  dynamics  of  arboviruses 
in  arthropod  cells  and  to  apply  these  systems  as  tools  for  the  isolation 
and  characterization  of  vector-borne  pathogens.  The  PL-480  project  will 
soon  enter  its  final  year,  but  a  3-year  renewal  will  be  proposed.  Continued 
attempts  to  establish  a  line  of  tick  cells  depends  upon  the  availability  of 
live  ticks.  Continued  lack  of  response  to  our  repeated  requests  for  an 
insectary  attendant  has  seriously  damaged  this  aspect  of  the  project  and 
affected  other  aspects  of  this  and  other  projects  as  well. 
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I 
Honors  and  Awards: 

Dr.  C.  E.  Yunker 

By  request,  reviewed  manuscripts  for  scientific  publications: 
Journal  of  Parasitology.  Journal  of  Medical  Entomology.,  Federation  of 
Americ"arr  Societies  for  ExperirnentaOTblogy,  WilsonBinie  1 1  n 
(Delaware  Museum  of  Natural  History),  and  Canadian  Journal  of  Zoology, 
and  in  addition,  for  the  Agricultural  Research  Service. 

Editorial  Board  member.  Journal  of  Medical  Entomology. 

Refereed  research  grant  proposals  for  the  National  Science  Foundation 
and  the  Environmental  Protection  Agency. 

Nominated  to  the  National  Council  on  Systematics  Collections  and 
Environmental  Quality,  ASC. 

Continued  as  Faculty  Affiliate,  Department  of  Zoology,  University  of 
Montana,  Missoula. 

Invited  to  participate  in  a  symposium  on  host-parasite  relationships 
sponsored  by  the  N.Y.  Academy  of  Sciences. 


Publications: 

Yunker,  C.  E.  and  Cory,   J.:  Growth  of  Rickettsia  tsutsugamushi  in 
insect  cells.  In  Rehacek,  J.,  Bla^koviC,  D.,  and  Hink,  W.  F.  (Eds.) 
Proceedings  Third  International  Colloquium  on  Invertebrate  Tissue 
Culture.  Bratislava,  Publishing  House  of  the  Slovak  Academy  of 
Sciences,  1973,  pp.  451-457. 


In  press: 

Cory,  J.,  Yunker,  C.  E.,  Ormsbee,  R.  A.,  Peacock,  M.,  Meibos,  H.,  and 
Tallent,  G.:  Plaque  assay  of  rickettsiae  in  a  mammalian  cell  line. 
Appl .  Microbiol . 
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